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PREFACE TO THE NINTH EDITION. 



In preparing this Edition I have sought the best 
advice and assistance possible, so as to make the 
work suitable for instruction in Chemistry, according 
to the Syllabus prepared by the Science and Art 
Department. The most advanced ideas of Chemical 
Science have been introduced, the Constitutional and 
Graphic Formulae adopted, and nothing omitted which 
is necessary for Elementary Instruction in Chemistry. 
The book will be found useful to students preparing 
for the matriculation of the London University and 
the Oxford and Cambridge Middle Class Examina- 
tions. In Schools where Chemistry is taught it is 
hoped that the work will be appreciated as a Text 
Book in which accurate and exact knowledge have 
not been sacrificed to popular explanation and ex- 
periment The Syllabus and Exercises at the end 
will aflford much assistance in directing the course 
of study. 
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supposed. Again, chalk, or calcic carbonate, is mat 
up of three elementary bodies, — a metal called catciun 
oxygen, and carbon. Common salt is composed c 
two elementary bodies, — a metal called sodium, ant 
a gas called chlorine. The great majority of com- 
pounds are formed by the union of three or four 
elementary bodies. The separation of these com- 
pound bodies into simpler forms is called analysis, 
and the formation of compound bodies by the union 
of simple ones is called synthesis. « 

The elementary bodies at present known are sixty- 
two in number ; but man^ of them are so rare as not 
to require special attention. They are divided into 
metals and non-metallic bodies. The metals have great 
lustre : are good conductors of heat and eleclncity. 
These properties are never associated in a non-metallic 
body. This division is not based on an)t exact prin- 
ciples of science, but as a common means of descrip- 
tion. 

The elements are also divided into chlorous, or 
riixalh'e, and hasylciis, Or p<?s!live: the former ; 
evolved at the positive polewhei^' 
are decomposed ■ 




table of elements. 
Table of Non-metallic Elements. 



Names. 



Hydrogen 

Chlorine 

Bromine 

Iodine 

Fluorine 

Oxygen 

Sulphur 

Selenium 

Carbon 

Silicon 

Boron 

Nitrogen 

Phosphorus 



Symbols. 


Atomic 
Weights. 


H 


I 


CI 


35*5 


Br 


80 


I 


127 


F 


19 


O 


16 


S 


32 


Se 


79 


C 


12 


Si 


28-5 


B 


II 


N 


14 


P 


31 



Specific 
Gravities. 



I 

35*5 
297 

4-948 

• • • 

16 

2*07 
4*28 

3-5 
2 '49 

2-68 

14 

177 



Metallic Elements. 



Names. 



Potassium (Kdlium) 

Sodium {Natrium) 

Lithium . 

Barium 

Strontium 

Calcium 

Magnesium 

Aluminium . 

Iron {Fffrum) . 

Chromium . 

Manganese 

Zinc . 

Nickel 

Cobalt 

Tin (Sfannum), 

Antimony (Stibiutn) 

Arsenic . 

Bismuth 



Symbols. 



Atomic 
Weights. 



Specific 
Gravities. 



K 

Na 

Li 

Ba 

Sr 

Ca 

Mg 

Al 

Fe 

Cr 

Mn 

Zn 

Ni 

Co 

Sn 

Sb 

As 

Bi 



39 

23 

7 

87-5 
40 

24 
275 

56 

52-5 

55 

65 

58-8 

58-8 
118 
122 

2C& 



0-865 
0*972 

•59 

4 to 5 

2-5 
1-6 

170 

2'6o 

7079 

6-85 
7-1 to 7*86 
880 
8-54 
729 
670 

<)•%» \ 
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Hetaluc Elekkhts (amfimitd). 



N». 




st-^; W^ 


(g;^ 


CadmiuiD . 

Pboiniim. 

Lead (JlMmiun) . 




Cd 1 I« 
Ca 63-5 
A" 196-7 
Pi 1 197" 
Pb ■ ao7 
Hg 1 aoo 
4 1 '08 


1^ 
19-5 
2150 
11 -45 
1359 
IO-47 



The rarer elements ^i^ — caesium, cerium, didy- 

miiim, glacdnum, indium, iridium, lanthanium, molyb- 
denum, niobium, osmium, palladium, rhodium, nibi- 
dium, ruthenium, tantalum, tellurium, thorium, thallium, 
titanium, tui^ten 01 wolftam, uranium, vanadium, 
yttrium, zirconium. 

Some of the elements have popular names : sulphur 
is called Ivimstoue; mercury, quUksiloer. Carbon 
when crystallized is a diamond, or blaek4ead; when 
prepared artificially it is knoivn as charteal, fokc. 




CHEMICAL AFFINITY. 5 

tances. It also differs from cohesion, which binds like 
particles of matter together. The rain falls by gravi- 
tation, the particles of iron are held together by cohe- 
sion ; but in iron rust (or oxide of iron) the oxygen is 
united to the iron by the force of chemical affinity. 
Chemical combination may be distinguished from mere 
mechanical mixture by the formation of compounds 
having properties for the most part different from 
those of the bodies which have entered into com- 
bination. And what is most remarkable, bodies of 
opposite chemical characters evince the strongest ten- 
dency to combination. Chemical affinity may be 
regarded as that force by which bodies unite, and form 
compounds having properties totally different from 
those of the constituents which have entered into com- 
bination. This combination is usually attended with 
an elevation of temperature. The elements are held 
together in combination with different degrees of force. 
Copper will displace mercury from its combination 
with chlorine, whilst the copper is in turn readily 
displaced by iron. From this it appears that chlorine 
has a greater affinity for copper than for mercury, and 
for iron than for copper. 

The force of chemical affinity is very much in- 
fluenced by heat Some chemical compounds are 
entirely decomposed by heat ; the particles seem to 
be removed beyond the sphere of chemical action by 
the repulsive force of heat. Heat destroys all organic 
substances, but this destruction gives rise to other 
compounds of a more permanent character. Light, 
also, modifies the force of affinity ; if equal volumes of 
chlorine and hydrogen be mixed in the dark they do 
not unite, but under the influence of sunlight combina- 
tion takes place with great violence. The particles of 
matter which combine are assumed lo "bt m ^\^^xtX)X 
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electrical states, and this is regarded as the basis of all 
chemical action. Klectrical currents are among some 
of the most powerful causes of chemical decompositi(Mi. 
As chemical combination can only take place when 
the particles or molecules are brought within the sphere 
of the chemical force, which acts at insensible dis- 
tances, the force of cohesion must first be overcome ; 
and this is done by dissolving the substance, usually in 
water, so that the particles may be brought into closer 
contact. Substances in a solid state rarely, if ever, 
combine, even if reduced to powder. AVhen elements 
are liberated at the same time, in what is called their 
nascent condition, compounds are sometimes formed 
which cannot be effected under other circumstances. 
If nitrogen and hydrogen be mixed in the same vessel 
combination does not Uke place; but when these 
gases are set ftee at the same time, as in the case of 
manure heaps, ammonia is formed. 

Weight. — By the term weight is meant the whole 
amount of matter a body contains, and this is generally 
expressed in grains, pounds, grammes, &c. Specific 




ATOMS. — ATOMIC WEIGHTS. 7 

is taken as unity ; and the specific gravities of gases 
are referred to that standard. Great skill is required 
in determining the specific gravity of gases or vapours, 
and nothing short of frequent practice can give accu- 
racy in the results. 

Atoms> — Chemists assume that the elementary 
bodies are built up of infinitely small particles, which 
they call atoms ; they further assume that these atoms, 
with few exceptions, are all of the same size, but of 
diflferent weights, and that this diflference is expressed 
by the atomic weights of the elements. The exceptions 
are phosphorus and arsenic, whose atoms are believed 
to be half the usual size ; and zinc, cadmium, and mer- 
cury, whose atoms are double the size. The theory 
of atoms was originated by the late Dr. Dalton^ of 
Manchester, whose name it bears. An atom is defined 
to be the least part of an elementary body which can 
enter into^ or be expelled from^ a compound. The 
term is sometimes applied to those groups of atoms 
called compound radicals, such as ammonium, hy- 
droxy!, &c. 

Atomic Weights. — These are the atom weights 
of the elements, the atom weight of hydrogen being 
taken as unity. They are obtained in the case of 
elements which are gases, or volatile liquids or solids, 
by comparing the weightof avolumeof the gas or vapour 
with the weight of the same volume of hydrogen 
under like conditions of temperature and pressure. 
Taking hydrogen as unity, then, the dmsities of the 
elementary gases are identical with their atomic weights^ 
the elements named above being the only excep- 
tions to this law. If atoms be of the same size, it 
will readily be understood that the same volume will 
hold the same number, and the difference in the 
weight of the volume will therefore expi^s^^ \N\^ ^\^^v 
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dice in the weight of the individual atoms. For 
example : the weight of a litre* of hydrogen at o* 
Centigrade and 760 miliimetres (760 m,m.) barometric 
pressure equals 'oSgfi gramme. A litre of chlorine 
gas, under like conditions of temperature and pressure, 
wetghs 35"5 x "0896 gramme, and a litre of bromine 
vapour 80 X -0896 gramme. Assuming that a litre 
holds the same number of atoms of hydrogen, 
chlorine, and bromine respectively, the individual 
atoms will stand related in weight to the numbers 
I, 3SS. and 80. 

In the case of fixed solids, such as metals which do 
not vaporize, the atomic weight is taken to be that 
weight of the solid which at any given temperature 
contains the same amount of heat as seven parts by 
weight of solid lithium at the same temperature. 
Thus it requires 56 parts of iron, 63-5 of copper, or 
207 of lead, when heated to 100° C., to raise a litre of ■ 
water through as many degrees of temperature as 
7 parts of lithium would do. Therefore, 56, 63-5, 
and 207 are the atomic weights of iron, copper, and 




MOLECULES. — SYMBOLS, FORMULA. 9 

uncombined state. All molecules are of the same 
size, for the law of Ampere, which most chemists now 
accept, states that " all gases and vapours contain the 
same number of molecules within the same volume.'' 
Many of the elementary molecules consist of pairs of 
atoms ; the molecular weight, therefore, in these cases 
is twice the atomic weight. 

The following are examples of elementary mole- 
cules : — 

Monatomic moleailes, containing one atom ; mercury, cadmium, 
zinc. 

Diatomic molecules, containing two atoms ; hydrogen, chlorine, 
bromine, iodine, fluorine, oxygen, nitrogen, sulphur. 

Triatomic molecules, containing three atoms ; ozone (allotropic 
oxygen). 

Tetratomic molecules, containing four atoms ; phosphorus and 
arsenic. 

Hexatomic molecules, containing six atoms ; sulphur (at tempe- 
ratures but little removed from its boiling point). 

7%e moleaiks of compounds occupy the same volume 
as one molecule of hydrogen^ no matter how many 
volumes the constituents may measure. Taking the 
molecule of hydrogen to measure two volumes^ then — 

1 vol. or atom of H, and i vol. or atom of CI, combined form 
2 vols, or I molecule of hydrochloric acid. 

2 vols, or atoms of H, and i vol. or atom of O, combined form 
2 vols, or I molecule of steam. 

3 vols, or atoms of H, and i vol. or atom of N, combined form 
2 vols, or I molecule of ammonia gas. 

4 vols, or atoms of H, and i vol. or atom of C, combined form 
2 vols, or I molecule of marsh gas. 

Symbols, Formulae.— The elements are repre- 
sented by letters, which are called symbols ; thus, S is 
the symbol for sulphur, P for phosphorus. When two 
or more elements have names commencing with the 
same letter, the single letter is assigned to tVi^ ^tvxiCY^^ 
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or non-metallic element, and a second letter in small 
type is attached to the initial letter far the others; 
thus, C is the symbol for carbon, CI for chlorine, Cr 
for chromium, Ca for calcium. In some cases the 
initial letteis of the Latin names are used ; Ag (ar- 
gentum) for silver, Fe (fenumX iron, Hg (hydrargyrum), 
mercury. 

Hie symbol of an element represents one atom or 
volume of that element ; H represents one atom or 
one volume of hydrogen, CI one atom or volume of 
chlorine. More atoms than one are indicated by 
placing a small figure at the right hand of the ^mbol ; 
thus, Hg means two atoms of hydrogen. A large 
figure placed in front of the symbol has also the same 
sgnificance ; as 2H, two atoms of hydrogen. 

The molecules of compounds are represented by 
the juxtaposition of the symbols of their component 
elements ; thus, HCl stands for a molecule of hydro- 
chloric acid, OHj for one of water, NH, for one of 
ammonia gas: these groups of symbols are called 
chemical formula:. Two or more molecules of a com- 




NOMENCLATURE OF COMPOUNDS. II 

Selenium, though not a metal, was thought to be one 
on its discovery, and its name has not been changed. 
Four of the non-metals have names terminating in 
" ine,"— chlorine, bromine, iodine, and fluorine; these 
are sometimes called halogens (salt-producers) : three 
end in " on," — carbon, boron, and silicon : other three 
terminate in "gen," — oxygen, hydrogen, and nitrogen, 
the " gen" being derived from the Greek word yevraw, 
to produce, and implying that the three substances 
are acid, water, and nitre producers respectively. 
The remaining names are either arbitrary, or are 
supposed to indicate some prominent property of the 
element 

Compounds, — The student of chemistry is often 
perplexed with the variety of names given by chemical 
authors to one and the same substance ; as an example, 
if he consult a sufficient number of text-books he will 
find that the black compound produced by the union 
of oxygen with copper is variously called oxide of 
copper, protoxide of copper, cupric oxide, copper 
oxide ; and if he attempt to purchase the article he 
will find that the shop name of it is black oxide of 
copper. This apparent confusion arises from the 
transitionary state of the science ; but it is very desir- 
able in the interest of science that this state of things 
should not continue. The name of a compound, on 
the one hand, should be sufficiently precise and ex- 
pressive to enable us to identify it ; and on the other 
hand, it should express as clearly as possible its com- 
position and constitution, — the mode, namely, in 
which its atoms are arranged in its' molecule. The 
latter condition unfortunately cannot always be ful- 
filled without the introduction of long and frequently 
not very euphonious words. In this work the syste- 
matic name will be followed by the shop ox coxaxcv^xoA 
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name whenever it is thought desirable to introduce it; 
the latter name will be found in brackets. 

The simplest form of a chemical compound is that 
in which two elements are united ; these are called 
binary compounds. The name of the positive ele- 
ment, or some abbreviated form of it, or of its Latin 
name, is made to terminate in "ic," and is placed 
first ; and the negative clement, or its abbreviation, 
comes after it with the termination " ide." The fol- 
lowing are examples of this class of compounds : — 

A compound of^ 

Potassium and iodine is called potassic iodide. 

Sodium „ chlorine „ sodic chloride. 

Copper „ sulphur „ dipric sulphide. 

Silver „ chlorine „ argentic chloride. 

Lead „ oxygen „ plumbic oxide. 

Calcium „ fluorine „ calcic fluoride. 

The positive element frequently forms more than 
one compound with the same negative element ; when 
this ia the case, the compound which contains the 

ODortiun of the negative element has the 
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2 atoms of lead, and I atom of oxygen, form plumbous oxide. 
I atom ,, „ „ ,, „ plumbic ,, 

„ ft J, 2 atoms ,, ,, „ peroxide. 

When it is necessary to indicate the number of 
atoms of the positive and negative constituents respec- 
tively with great precision, the Greek numerals are 
used as prefixes ; " mono" for one, "di " for two, "tri" 
for three, "tetra" or "tetr" for four, "penta" or 
" pent " for five, " hexa " or " hex " for six, " hepta " 
or " hept " for seven, and " octa " or " oct " for eight 
Thus, a compound composed of two atoms of man- 
ganese and six atoms of chlorine is called — 

ZP/manganic ^^^achloride. 

The student will do well to familiarize himself with 
the meanings of these Greek numerals, as they are 
very frequently used in the systematic names. 

There are certain oxides which form acids when 
brought into contact with water; the usual nomen- 
clature of binary compounds is not applied to these. 
They are called anhydrides (from a, negative, and v5«p, 
water), or anhydrous acids ; thus — 

CO2 is called carbonic anhydride. 

502 „ sulphurous „ 

503 „ sulphuric „ 
N2O3 „ nitrous „ 
N2O5 „ nitric „ 
^2^5 » phosphoric „ 
SiOg „ silicic „ 

These anhydrides may therefore be described as 
the residues of acids from which water has been 
abstracted. 

Several of the hydrogen binary compounds still 
retain their old names, the systematic name bein^ 
rarely used; thus — 
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Srnematic Name, 


Fotnuik. 


Hydiic oxide 


. OH, 


„ sa^faidc 


. SH, 


„ chloride 


. HCl 


„ brwnide 


. HBr 


„ iodide 


. HI 


„ fluoride 


. HF 


„ carbide 


. CH, 


„ nitride 


. NH, 


„ phosphide . 


PH, . 


f, arsenide . 


AsH, 



. sulphuretted hydrogen. 

, hydrochloric acid. 

. hydrobromic add. 

. hf driodic acid. 

. hydrofluoric acid. 

. marsh gas. 

. ammonia gas. 

. phosphoretted hydrogen. 

. arscniuretted hydn^en. 
And there are a few oxides whose ccnnmon and 
well-known names still keep their ground ; thus — 
Baric oxide, BaO, is more frequently caQed baryta. 
Strontic „ SrO, „ strontia. 

Caldc „ CaO, „ lime. 

Magnesic,, MgO, „ magnesia. 

Aluminic „ AljOj, „ alumina. 

Some of these oxides combine with water to form 
hydrates; thus — 




REPLACEMENT OF HYDROGEN IN ACIDS. 1$ 

or more atoms of hydrogen, which it can exchange for 
potassium or sodium when one of these metab is 
presented to it in the form of a hydrate." It is 
not always possible to exchange the whole of the 
hydrogen in this manner; and when this is the case the 
hydrogen which can be exchanged is called ** replace- 
able hydrogen." An acid containing one such atom 
of replaceable hydrogen is said to be monobasic; when 
it contains two it is dibasic; three, tribasic ; and four, 
tetrabasic; and we speak of its basicity being one, two, 
three, or four, as the case may be. AVhen the basicity 
of an acid is gieater than one, it is frequently spoken 
of as z.polybasic acid. 

The following examples will illustrate the mode in 
which the hydrogen of adds is replaced by sodium 
and potassium.* 

HCl + OKH =z KCl + OHy 

Hydrochloric Potassic Potassic Water, 

acid. hydrate. chloride. 

In the above instance the potassiiun of the hydrate 
replaces the hydrogen of the acid.^ 

NO3H + ONaH = NOsNa + OH^. 

Nitric add. Sodic hydrate. Sodic nitrate. Water. 

Here the hydrogen of the nitric acid is exchanged 
for sodium. 

SO4H2 + 20NaH = SO^Naa + 2OH2. 
Sulphuric acid. Sodic hydrate. Sodic sulphate. Water. 

And in this case the two atoms of hydrogen in the 
dibasic sulphuric acid are exchanged for two atoms 
of sodium. 



♦ For an explanation of the meaning of the signs used in these 
equations, see p. 37. 
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* There are two classes of acids : first, the hydradds, 
which contain no oxygen; they are formed by the 
combination of an element, such as one of the halo- 
gens, with hydrogen : thus we have hydrochloric acid, 
HCl ; hydrobromic acid, HBr, &c. Their names are 
obtained by using the " ic " terminal to the chlorous 
element with the prefix " hydro " or " hydr." The 
other acids contain oxygen, and are hence distin- 
guished by the name oxy-adds; they are named by 
adding the terminal " ic " to the name of the element 
with which the oxygen is united or to its abbrevia- 
tion : thus we have nitric acid, NO3H ; chromic acid, 
Cr04H2, &c. When an element forms two oxy- 
acids the name of that which contains the smallest 
amount of oxygen has the terminal " ous :*' thus we 
have sulphuric acid, SO4H2, and sulphurous acid, 
SO3H2. The prefix "per " is used to indicate an acid 
containing more oxygen than the one whose name 
terminates in " ic," and ** hypo " is the prefix for 
those containing less oxygen than the one ending in 
" ous." Numerous examples of these acids will be 
found in the table of salts, p. 33 ^ seq. 

There are some acids which contain sulphur in the 
place of oxygen; these are distinguished by having 
the prefix " sulpho " or " sulph *' attached to them. 
Thus we have — 

Sulpharsenious acid, ASS3H3. 
Sulpharsehic acid, AsS^Hg. 

Bases. — ^A base is a compound which is converted 
into a salt by the action of an acid. In this action 
the elimination of water is the usual accompaniment. 

Bases are of three classes : — 

I. Metallic oxides, such as sodic oxide, ONa^, 
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potassic oxide, OKg, calcic oxide, CaO, baric oxide 
BaO, cupric oxide, CuO, ferric oxide, FegOg. 

3. Metallic hydrates, as sodic hydrate, ONaH, 
potassic hydrate, OKH calcic hydrate, Ca(HO)j, 
ferric hydrate, Fe2(H0)^. 

3. Certain compounds of hydrogen with nitrogen, 
phosphorus, arsenic, antimony, &c. : these are not 
of frequent occurrence; the nitrogen compound, 
ammonia, NH3, being the most common. 

The following examples will exhibit the mode 
whereby the bases are converted into salts : — 

S^O^Hg + ONag = SO^aa + OHj. 
Aad. Base. S^t. Water. 

NO3H + OKH = NO3K + OHg. 

Acid. Base. Salt. Water. 

SO4H2 + Ca(H0)2 = SO.Ca + 2OH2. 

Acid. Base. Salt. Water. 

HCl + NH3 = NHXl. 

Acid. Base. Salt. 

The bases of the first and second order are named 
according to the rules already given for binary com- 
pounds. The termination " ine " is used for the third 
order; as phosphine, PH3, nitrine, NHg; but the 
common names, phosphoretted hydrogen, ammonia, 
already given, are more frequently used to designate 
these bodies. 

Salts. — It will already have been noticed from 
the foregoing examples that a salt is the product 
of the action of an acid upon a base ; the hydracids 
yield in this manner haloid salts, the oxy-acids 
oxy-salts^ and the sulpho-acids sulpho-salts. 

Salts are also formed by the direct combination of 
metals with the halogens ; thus, vrYveti ^o^ymxcl ^.xA 

c 



1 c&knnrgss, tbe chktides 
of tbese BKCsb an fiviaed. and these uk tne salts. 

Ike acids may be icgnded as bIb wbox bastions 
fffH«« jt h j ttinpi t ; iaEact, eack one of them is a 
bo^r OB t^ 7pc o^ which a wtiofe soies of alts is 
bancd: di^ ^^iiodtlonc acid (bftfric cUoride) is 
tbe tjpe or repiesentatiTc of aQ chiorides, sulphuric 
acid (bTdnc silpfaatc) of all safaihates, nitric acid 
(bjdric nitrate) of all nitraii-t 

Tbe nomci^Jatiire of haloid salts foDows the nsual 
mle of binary compoonds ; thus we have pota^c iodide^ 
KI, caldc finoiide, CaF^ ferric chkxide, Fe,CI«, &c 

The ozj-salts are named by adding the tenninal 
"ate" to die name of dte add or its abbremtioit when 
it ends in " ic," and the tenninal " ite " when the name 
of the acid wfakh fcvms it ends in " ons ;" thus sulphu- 
ric add fonns sulphates, sulphurous add sulphites. 

Oxf-%aita arc said to be adJ — or norma/ sal/s, 
according as the hydrogen of the acid is partially 
or completely replaced ; thus, hydric-sodic sulphate, 
l^J.Nai i. ii an aaJ ij.,1, b±L^^=i ±^ /ivjio^.t. :s only 
half replaced by sodium; but sodic sulphate, SQ.Na,. 
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The atoms of the Heni e ntaj y bo&s hKvc ^poy 
different values in dienncal exdnngc Tbde mbie is 
estimated in tenos <^ an atom of hj ' diogc B ; linis, in 
the following equation one atom of sodium is found to 
take the place of one atom of hydrogen : — 

HCl + Na = NaQ - H. 

Hydrodilcnic add. Sodimn. Sodic chloridr. Hj r diu g e iL 

In the above example one atom of sodium (23 
parts by weight) replajces one atom of hydrogen 
(i part by woght), and does an equal amount of com- 
bination w(»k. Again, one atom of zanc in the 
following equation displaces two atoms of hydrogen, 
and therefune does twice the wod^ of oine axom of 
hydrogen : — 

Zn + 2KCI =: H, -h Zs^df. 

Zinc. Hydrodiloiic add. HydiogOL Zmdr MfurYJr 

When hydrogen and zinc are made to unite with 
chlorine, the hydrogen atom is found to be united 
to one atom of chlorine, and the zinc atom to two. 
It will be seen, liierefoie, tiiat die atom-fixing and 
atom-repladng power of zinc is twice tiiat of hy- 
drogen. 

Similarly an atom of gold can be snbstztnted for 
three atoms of hydrogen, an atom of caibon for four, 
an atom of nitrogen for five, and one of sulphur for 
six respectively. 

In order to account for this hct it is assumed that 
the atoms of different elements posse« different 
powers, Imes of force, or points of attadmient ; these 
have been named ^Mds by Dr. Fnmkland : thus the 
atoms of hydrogen and chlorine are single-bonded, 
whilst the atom of zinc has two such bonds, for it has 
twice the combining power of die hydrogen or 
chlorine atom. 
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To exhibit these facts graphically in the cases 
enumerated, the atoms may be represented by circles, 
and the bonds by short lines, thus : — 



Hydrogen 



Sulphur 



O 

-o- 

I 



Ur. Odling was the first to introduce the use of 
'laslics and Roman numerals to indicate the atomicity 
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When two monad elements are in combination, the 
single bond of the one is occupied or fixed by the 
single bond of the other ; thus the atoms of hydrogen 
and chlorine in combination are represented graphic- 
ally as under : — 

and this group of atoms constitutes the molecule of 
hydrochloric acid. A molecule may therefore be 
regarded as a group of atoms in which all the bonds 
are engaged. The following examples will illustrate 
this fact still further : — 

Symbolic formula. Graphic formula. 
. . Na'Cl . . <^-@ 



Sodic chloride 



Zincic chloride 



Auric chloride 



Zn^Cl 



2 



@H©^@) 



Au'"Cl 



Marsh gas 



C^^H. 



Ammonic chloride . N^H^Cl . 




•4 
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Symbolic fonnuk. Graphic fbnmiU. 



Sulphuric anhydride . S^'O'g . 



In the above cases the bonds of the elements are all 
occupied, and the molecules are complete ones. 

Elementary atoms cannot exist in a separate condi- 
tion unless all their bonds are engaged. The two 
bonds of a diad atom are sometimes found to satisfy 
each other, and thus form a monatomic molecule j the 
following are well-known examples : — 
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Nitrogen . . . N^o • 



«S 



Phosphorus 



4 • 




The elementary atoms are not always found to be 
united to the same proportion of another element : 
thus in sulphuretted hydrogen (SHg) the sulphur has 
only two bonds occupied by the two monad atoms 
of hydrogen; in sulphurous anhydride (SOg) the 
sulphur atom has four bonds saturated, for it is united 
to two diad atoms of oxygen ; and in sulphuric an- 
hydride (SOg) all its bonds are engaged. Again, in 
ammonic chloride (N^H^Cl) all the five bonds of 
nitrogen are engaged ; in ammonia gas (NHg) only 
three of them ; and in nitrous oxide (NgO) one bond 
only of each nitrogen atom is fixed by one of the 
oxygen bonds. 

It will be noticed that in the above examples the 
bonds disappear in pairs, and it has been suggested 
by Dr. Frankland that this may be accounted for by 
assuming that the bonds not engaged are satisfying one 
another. How this is accomplished in the cases above 
cited may be represented graphically as follows : — 

Symbolic. Graphic. 



Sulphuretted hydrogen . . SH 



2 



Sulphurous anhydride . . SOj 
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Sjrabolic Grapliic. 

Sulphuric anhydride . . SO3 



Amnionic chloride • . . NH4CI . 



Ammonia gas . 
Nitrous oxide . 



ONj 




The highest number of bonds whicK an element is 
known to have is called its absolute atomicity, the 
number of bonds engaged in a compound is called 
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respectively. As the bonds become latent in pairs, 
it will readily be understood that an artiad never can 
become a perissad, nor a perissad an artiad. 

Compound Radicals. — The elements are simple 
radicals. There are certain groups of elementary bodies 
which are found in a great many chemical compounds, 
and which are a very important class of bodies ; they 
perform all the functions of elementary bodies ; they 
can be transferred from one compound to another in 
the same way that elements can. These bodies are 
called compound radicals. The following is a list of 
some of the most important of them, with their formulae : 

Abbreviated atomic 
Molecule. Atom. formulae. 

Hydroxyl . . (H0)2. . (HO)' . . Ho 

Hydrosulphyl . (HS)- . . (HS)' . . Hs 

Ammonium . (NH^jg . (NH^)' . . Am 

Ammonoxyl . (NH^O)^. (NH^O)'. . Amo 

The metals also enter into the composition of these 

radicals, the metal being engaged by one bond only 

of the oxygen, which serves to link it to the other 

part of the molecule : — Abbreviated atomic 

Molecule. Atom. formulae. 

Potassoxyl . . (K0)2 . (KO)' . Ko' 
Sodoxyl . . . (NaO)2 • (NaO)' . Nao' 
Zincoxyl . . . (Zn02)2 • (^nOg)" . Zno' 

The compound radical atoms are groups of ele- 
ments in which one or more bonds are disengaged ; 
like elementary atoms they cannot exist in a separate 
condition, for when they are isolated, as some of them 
can be, they double themselves to form the molecule. 
They perform all the functions of elementary bodies : 
those which have only one bond unsatisfied are 
monad radicals, as sodoxyl; those with two bonds 
imsatisfied are diad radicals, as ziticox^V 
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PoUmc h jdiate 
Cakric hydrate . 

Nitric add , • 



KHo . 
CaHO; 

NOjHo 



Sulphuric acid . , SO^Ho. 
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Compounds containing other radicals : — 



Sodic sulphate . . S02Nao2 
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Zincic sulphate . . S02Zno'' 



Calcic nitrate 



{ 



Cao 
NO 



2 




As the symbol of an element represents an atom of 
that element, it will readily be seen that the circles 
may be dispensed with in the graphic formulae, the 
bond lines still being retained ; thus nitric acid and 
sulphuric acid may be graphically represented as 
follows : — 



O 

II 
N 
II 
O 



-O-H 



o H 



The student will therefore gradually abandon the 
use of the circle when it has fully served its purpose. 

Notation. — There are at present three different 
forms of formulae in use for the purpose of represent- 
ing the atomic constitution of molecules, or the mode 
in which, as it were, the molecule is \>m\W.>\^, Y\^\. 
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we have the " Glyptk" (yXuirroc, carved) formuUe of 
Dr. Hofmann, which is the simplest and perhaps the 
most perfect mode of representing molecular consti- 
tutioQ. These consist of wooden balls, which maybe 
made about two inches in diameter, and pierced with 
as many holes as the bonds of the atoms which they 
are intended to represent. The balls are usually 
coloured, — blue for hydrogen, red for oxygen, green 
for chlorine, white for nitrogen, and 80 on. They 
may be connected by pegs of wood, or short pieces 
of small brass gas-piping. These pegs represent the 
bonds or lines of force admirably. Bent pieces ot 
piping, and short pieces of vulcanized tubing for con- 
nectors, will be found useful accessories. 

Graphic formulas are the pictorial representations 
of glyptic formulae, in which atoms are shown by 
circles, and bonds by connecting lines. They are 
used when glyptic formulie would be too cumbersome 
from the great complexity of some molecules, and may 
be made to gradually supersede them. Dr. Crum 
Brown introduced this form of formula as an aid to 
teaching) which haa been adopted by Dr. Frankland 




CONSTITUTIONAL FORMULA 31 

mula SO4H2 ; this is an empirical formula^ for it gives 
us no idea as to the mode whereby the atoms of sul- 
phur, oxygen, and hydrogen are linked together; 
it merely gives us the sum-total of the atoms con- 
tained in the body, and enables us to calculate there- 
from the respective weights of the elements present. 
Constitutional ox rational formuice 2jq the symbolical 
representatives of the glyptic and graphic formulae de- 
scribed above; they exhibit at the same time the number 
of atoms and weight of the elements, and also their 
mode of arrangement in the molecule. The following 
are the rules for formulating employed in this work: — 

1. The first symbol in the formula is printed in 
thick type, unless the element be a monad. 

2. The symbols of the elements or radicals whose 
available bonds are all directly united to the first 
symbol are made to follow it on the same line. 

3. The element having the greatest number of 
bonds will, as a rule, be placed first 

Thus, sulphuric acid, the empirical formula of which 
is SO4H2, or H2SO4, when represented constitutionally 
becomes SOgHog, which shows that the hexad sul- 
phur atom is combined with the four bonds of the 
two oxygen atoms, and also with the two bonds of 
the two atoms of hydroxyl. This fonnula is therefore 
the exact representation of the graphic formula of the 
same substance which has already been given, p. 29. 

A bracket is used for expressing chemical combi- 
nation between two or more elements placed perpen- 
dicularly with regard to each other, and next to the 
bracket. Thus in — 

(NOa 
the two nitrogen atoms have four of their bonds 
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united to the four bonds of oxygen placed in the 
same tine, and the remaining bond of the pentad 
nitrogen is fixed by a bond of the radical Cao' placed 
perpendicularly with respect to it 

When the b hexads, p. 22, are found in combination 
as tetrads, the molecule almost invariably contains 
two atoms of the metal, which are linked together by 
one of their bonds. The tetrad aluminium is found 
in no other sort of combination, e.g.,— 

y CrClj f AlFj, f Feci, 5 MiiO„ 
iCrCis, 1a1F„ iFeCia. 1 MnO"' 
Three of the bonds of the met^ atom are engaged in 
the horizontal line, and the remaining bond connects 
it with the other metal atom whose symbol is placed 
perpendicularly and next the bracket. The same kind 
of combination is exhibited in one line by using three 
atomicity marks to the right of the symbol and one to 
the left, thus ; — 

'Cr"'iCl„ 'A1'%F„ Te^Cl^, 'Mn'^Oa- 
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Equations. — Chemical changes are explained by 
equations, in which the elements or compounds con- 
cerned in the change are placed on the left of an = 
sign, with a + sign betwieen the molecules, and the 
products of the reaction are placed to the right of the 
= sign, also with the sign + placed between their 
molecules. Equations in which single atoms of the ele- 
ments or radicals occur are said to be atomic equoHofis; 
they, are not correct representations of chemical change, 
as by them single atoms are made to have a separate ex- 
istence. They are correct only in cases where a single 
atom is also a molecule ; e, g,, zinc, cadmium, mercury. 

Molecular equations, which represent more 
correctly what takes place, are much to be preferred ; 
the following are examples of the two kinds : — 

Atomic Equations. 
Na + OH2 = NaHo + H. 
K -f HCl = KCl + H. 

Molecular Equations, 
Nag + 2OH2 = 2NaHo + Ho. 
Ka + 2HCI = 2KCI + Ha. 
Zn + OH2 = ZnO + II2. 

Atomic and Molecular Combination. — In 

all examples of chemical combination hitherto given 
it has been essentially atomic, atom being linked to 
atom, atom uniting with atom. In all probability, 
where direct combination occurs, there is a breaking 
up or opening out of previously existing molecules : 
thus, when common salt, NaCl, is formed by burning 
sodium in chlorine, a molecule of sodium is acted on 
by a molecule of chlorine, and it is rather by an inter- 
change of atoms than by direct combination that the 
product is formed ; thus, — 

Naa + CI2 = 2TSaCX 
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And it may be represented graphically thus, — 

®HS) + @Hg) = €H9) + ®-® 

Molecule of Molecule of Two molecules of sodic chloride. 
lodiam. chlorine. 

And when the monatomic molecule of zinc is acted 
on by a molecule of chlorine, the latent bonds of the 
xinc are opened out and become active ; thus, — 

r<Sl7 . @-® = @-®^ 



There are other cases also, though somewhat rare 

ones, in which two molecules, by the opening out of 

their latent bonds, unite to fonn one molecule ; thus, — 

N"'Hg + HCI = N'H,CL* 

One molecule of One molecule of One molecule of 

nnnnonis. hydrochloric acid. amnionic chloride. 

CO + CI, = c-ocv 

One molecule ' One molecule One molecule 

catbonic oxide. chlorine. phoi^ne gas. 

There are, however, undoubted cases in which 

molecules unite without altering the active atomicity 
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APPARATUS AND MANIPULATION. 

Before beginning the practical part of the science 
it may not be amiss if a few words of advice and 
caution be introduced here as to Apparatus and 
Manipulation. 

Corks are of constant use, and they should be of 
the best kind. Before fitting them into apparatus they 
should be softened by rolling them under the foot in 
a piece of paper, so as to keep them free from dust. 

When glass tubes have to be passed through the 
cork, holes should be made with a cork-borer rather 
smaller than the tube to be inserted, and nicely eased 
to the proper size with a rat-tail file. If the cork should 
prove porous, the exposed parts must be covered with 
a solution of sealing-wax in spirits of wine. 

Glass tubing may be cut into the required lengths 
by making a deep scratch on the tube with a tri- 
angular file; the tube is then easily broken. The 
depth of the mark made by the file must depend on 
the thickness of the glass. If the tube has to be bent, 
this should be done before cutting it. To do this the 
tube must be heated gradually in the flame of a gas or 
spirit lamp, by turning it round in the flame, and 
moving it a little to the right and left. As soon as 
the tube becomes red-hot it can be easily bent into 
the required shape. A little practice with a few pieces 
of glass tube over a lamp will soon give the experi- 
menter more knowledge than any written instructions. 

Vulcanized india-rubber tubing, which can 

be purchased of any size, is used for connecting glass 
tubes. In connecting glass tubes by means of india- 
rubber, the ends of the tube should not be brought so 
close together as to interfere with the flexibiUty of the 
arrangement If the india-rubber tubing does not fit 
the glass tubes perfectly airtight, it lOMStb^ti^Amtlv 
apiece of twine. 
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Florence flasks ^nll be found extremely usefbl, as 
they can be fitted op to suit a Taiietj of purposes, and 
are very cheap. There are two sizes, heading one 
quart and half a pint respecdvelj. They may be 
freed from the oil by boiling a little washing soda or 
ammonia in them. 

Gras Jars. — Plain cylindrical jars should be from 
twelve to sixteen inches in length, and about two and a 
half to three inches in diameter, and about one-eighth of 
an inch in thickness. The open end should be ground, 
so as to be closed airtight with a piece of flat glass, 
which also should be ground. A hide grease should 
be placed on the glass plate or edge of the gas jar, so as 
to insure perfect tightness. Stoppered jars usually have 
glass stoppers like bottles, and should be ground at the 
top, so as to be closed with a glass plate in the manner 
described for cylindrical gas jars. These jars are re- 
moved from the pneumatic trough by passing a plate 
or saucer under the bottom. The plate or saucer 
should always contain a little water, so as to prevent 
the access of air and the escape of the gas. 

When substances have to be burned in a gas jar, 
they are introduced by means of a deflagrating spoon. 
This spoon should be fitted with a plate, so as to cover 
the aperture of the jar, ahd allow it to pass the required 
depth into the gas. In burning phosphorus, a piece 
not larger than a pea should be used, unless a 
large jar or globe be employed, when the piece may 
be larger, and it will give'a much more brilliant light ; 
it should be carefully dried by gently wrapping it in 
blotting-paper. The phosphorus may then be ignited 
by touching it with a red-hot wire and quickly intro- 
ducing it to about two-thirds the depth of the jar. 

In collecting gases over water, where heat is re- 
quired, the heat should in all cases be applied gradu- 
ally^ and the first portions of gas allowed to escape, 
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till all the ct>mnion air in the apparatus has been 
expelled. At the close of the experiment the delivery 
pipe should be removed from the water to prevent its 
receding. 

The pneumatic trongli should be about two feet 

long, eighteen inches wide, and a foot deep, provided 
with a shelf about three inches below the dlgt of the 
trough. The water should always stand about one 
inch over this shelf. Holes are made in this shelf^ 
over which the jars intended to receive the gas are 
placed. The deUvery tube is brought under the open 
end of the jar, and as the gas rises in the jar the water 
is displaced. A spout should be provided to the 
trough, so as to allow the surplus water to pass into a 
pail. An ordinary gas jar is filled with air, and, as no 
two bodies can occupy the same space at the same 
time, it is necessary to expel this air before the jar can 
be filled with gas. This is done by immersing the jar 
sideways in the water of the pneumatic trough, turning 
it over with the open end downwards, and gently rais- 
ing it to the shelf of the trough. If the stopper of the 
jar be airtight, the water, although above Uie level of 
that in the trough, will stand for any length of time in 
the jar. A shallow pail, or even a wash basin or bowl, 
forms a good substitute for the pneumatic trough. 

WoulflTs Bottles. — It is sometimes necessary to 
dry gases. This is effected by passing them through 
a series of Woulft*s botdes containing sulphuric add, 
or passing the gas through a tube, from a foot to eighteen 
inches long and three quarters of an inch in diameter, 
filled with calcic chloride. Tubes in the form of a 
U are frequently used. The sulphuric acid and 
calcic chloride are called deskcating agents, because 
they deprive gases of water. 

In the generation of carbonic o^de feoxa otaSvc 
acid and sulphuric acid, carbomc ai^^v^dLrv^^ ^sA 
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carbonic oxide are evolved simultaneously. The 
presence of the former interferes with a careful 
examination of the carbonic oxide. This substance 
must be removed ; and this is effected by passing 
the gases through a strong solution of potassic hydrate 
(caustic potash) or lime water, which retains the 
anhydride. By this method pure carbonic oxide is 
obtained, which is passed into gas jars filled with 
water at the pneumatic trough. 

When no heat is required to liberate gases or gaseous 
compounds, a two-necked WoulfTsbotde may be used. 
It should be fitted up with two glass tubes. The de- 
livery tube, from which the gas escapes, may be about 
a quarter of an inch in diameter, and pass just through 
the cork of the bottle ; another tube, or better still, an 
acid funnel of suitable length passing to within a 
quarter of an inch of the bottom of the bottle, is used 
for pouring in acid or water. This saves the trouble of 
taking outthe cork, which must be done every time fresh 
acid or water is added, unless the bottle be provided 
with two tubes in the manner described. The materials 
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the same as gases of nearly the same sp. gr. of air. If 
the gases are lighter than common air, as hydrogen 
and ammonia, or heavier, as chlorine and hydrochloric 
acid, the pneumatic trough 
may be dispensed with. But 
gases of nearlythe same specific 
gravity as common air must 
be collected over water. The 
same generating apparatus as 
that just described will do, 
provided the flask or bottle 
will stand heat if required. 
The delivery tube must pass 
to the bottom of the jar it is 
intended to fill with gas. This 
is often done by blocking the 
jar up with pieces of wood of 
different thicknesses. The top 
of the jar may be covered with 
a piece of cardboard, with a 
hole for the delivery tube to 
pass through. As the gas col- 
lects at the bottom it gradually 
expels all the air, exactly the 
same as if water were poured 
into the gas jar. (See Pz§^. i.) 
In raising bottles or other 
apparatus let the blocking be 
firm, the largest and heaviest ^<' 
pieces at bottom. When the 
gases are lighter than com- 
mon air, the receiver may be 
supported by a retort-stand, the delivery tube pass- 
ing upwards to the extremity of the vesseUw- 
tended to receive the gas. When large quar^\iX\t.'& Cil 





Fig. a. 
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gas are required a gasometer is used. The most con- 
venient is the one known as Pepys' gasholder. (See 
Fig. 2.) Five minutes* examination of one of these 
gasholders will give the student a much better idea of 
its action than any written description. The most 
careful explanation of any piece of mechanism or 
apparatus must fall short of actual observation. 

In chemistry the terms solution^ soluble, and solvent 
are frequently employed. Many solid bodies, when 
placed in water, dissolve. Salt and sugar dissolve in 
water. These substances are said to be soluble in 
water ; and the water is called the solvent or men- 
struum. The more completely a solid is reduced to 
powder the easier it dissolves. If sugar be placed in 
alcohol it does not dissolve. Here, tiben, we have an 
example, which may be multiplied to a great extent, of 
a body soluble in one liquid and insoluble in another. 
A solution may be either mechanical or chemical. 
The sugar in water is a case of mere mechanical solu- 
tion ; no chemical change has taken place, and, by 
evaporation, the sugar can be obtained in its original 
condition. Salt dissolved in water is another illustra- 
tion of the same kind. In chemical solutions the solid 
and liquid react on each other, forming a new com- 
pound, from which the original solid and fluid cannot 
be obtained by evaporation or any mechanical opera- 
tion. When chalk is dissolved in hydrochloric acid, 
or copper dissolved with nitric acid, we have examples 
of chemical solution. A liquid can only dissolve a 
certain quantity of 'a solid substance. This quantity 
will vary according to the solid and liquid employed. 
When the solvent or liquid contains as much of the 
solid matter as it is capable of dissolving, it is said to 
be saturated, as all additional quantities of the solid 
fall to the bottom* 
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The solubility of most substances is increased by an 
increase of temperature. 

100 pts. of water at I5*5°C. dissolve 11 pts. of potassic sulphate. 
» >> 100 „ 25 I, ,, 

» i, 1 5 '5** » 32 pts. of dry magnesic 

sulphate. 
»» II ^00 ,, 74 »» II 

Common salt is about as soluble in hot water as 
in cold. Some bodies attain their maximum solubility 
at a particular temperature. The solubility of dry 
sodic sulphate is at its maximum at a temperature of 
34°; but in sodic nitrate we have the order re- 
versed, — ^water, at 0° dissolves 80 parts ; at 10° only 
23 parts ; but from this point the solubility increases 
up to 200 parts at a temperature of 100° C. 

Substances dissolved in alcohol, ether, oils, and 
water are called simple solutions. The most important 
solvent is water ; and when the substance is soluble 
in this liquid no other is used. 

Elevation of temperature accelerates all chemical 
solutions ; heat promotes the action of bodies on each 
other. When bodies enter into chemical combination 
they unite in definite and fixed proportions, irrespective 
of temperature. Solutions are made either in test- 
tubes, Florence flasks, evaporating dishes, or beakers, 
the size being regulated by the quantity of the sub- 
stance to be dissolved. 

Filters and Filtration.— Filtering paper should 

be of uniform texture, and sufficiently porous to admit 
a free passage of the fluid. Filtration is purely a 
mechanical operation. The object is to separate the 
solid from the liquid ; the former collecting on the 
filter, and the latter passing through, which is called 
the filtrate. The filtering paper is supported by a 
glass funnel, and the funnel may be SM^poil^d Vj oni^ 
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of the rings of ihe retort-stand (See mg. 3.) A 
filter is easily made by folding the paper in such a 
manner as to bring the four cor- 
nera together, and by opening one 
comer from the other three, 1 
conical cavity is formed. The 
filter may now be placed in the 
funnel, taking care that it is the 
proper size. It should fit nicely 
against the sides of the funnel, 
1 and the substance to be filtered 
Fig. 3. added by gently pouring it on 

the side. If projected violently into the centre of the 
filter, the paper is liable to be broken. Nothing short 
of actually doing the thing will give the proper know- 
ledge. It would be just as reasonable to expect aman 
to learn the trade of a joiner by reading books on the 
construction of tools, as to expect a person to learn 
chemistry without proper apparatus ; but this apparatus 
need not be expensive, if the student have (as he ought 
to have) some inventive and constructive power. 
The following list of apparatus suitable for perform- 
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Brought forward . 112 

I Bunsen burner, single jet , . . i 6 

Or— 
I spirit lamp, 4 oz., is., where there is no gas. 

J dozen London fireclay crucibles, round, 3 J in. o 6 
i dozen covers for crucibles ...09 

I Berlin porcelain crucible and cover, | oz. 08 

I pair of brass crucible tongs, 6 in. . 10 

1 deflagrating jar, 9 x 4J in. . . . 20 

2 gas cylinders, 8 x i J in 20 

I gas cylinder, 12 x 2 in 16 

I deflagrating spoon . . . . . 10 

I beehive shelf, 4 in. • . . . 08 
Vulcanized india-rubber tubing, J in. bore, 

3d. per foot 06 

Ditto, f in. bore 06 

1 Wedgwood-ware mortar and pestle, 4 oz. 12 
Retorts, two 4-oz., one 8-oz., stoppered . 2 i 

2 lbs. glass tubing, mixed bore ... 2 8 
J lb. glass rod for stirrers, &c. ...08 
J dozen test-tubes, 6 x | in. . . . 06 
i dozen „ 6 x | in. . . . 07 
I dozen 4 oz. bottles, narrow-mouthed, stoppered 3 6 

3 12 oz. „ „ ,,19 
I dozen 6 oz. wide-mouthed bottles for corks 2 o 
I Woulfi's bottle, two necks, pint size . i 6 
I test-tube stand to hold six ... o 9 
Piece of wire gauze to put under flasks, &c., 

when being heated over gas lamp . o 3 

Piece each of platinum wire and foil . o 9 

I Black's blowpipe 09 

I retort-stand, 16 in. high, 3 rings . . 36 
An assortment of good corks. 

Total . . £2 6 2 

The above set of apparatus, or any part of \l, taa.^ b^ 
GtoTge JanxmiD, 80, NorthgBXe Street, Huddws^d'Sk.. 
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The foUowiDg apparatus will be fouDd extremely 
useful, but they are not indispensable ; — 

I Mohr's burette, 50 c.c. in i cc. 

I flask to hold i litre .... 

I pipette to deliver 100 cc. 

I gas receiver with brass cap, &c. 

I brass stopcock, male screws 

I Bunsen's eudiometer, 500 m.m. in 500 

divisions 

I centigrade thermometer, with glass scale, 200^ 

I universal wooden support 

I Mackintosh bag, 18 x 13 in., fitted with 

brass screw 

I Herapath*s blowpipe, to fit Bunsen's burner 
I box of scales and weights, oak box . 

I iron tripod stand 

J dozen test-glasses, cylindrical, 6 oz. . 

I wash-bottle with blowing tube 

I white earthenware tile .... 

1 sheet-iron sand bath, 4 in. 

2 Beriin porcelain evaporating basins, 8 oz. 

and 16 oz. 27 

Total . . ;^2 17 2 



s, d. 

5 o 

3 o 

I 9 

5 6 

3 o 

6 o 

4 o 

5 o 

o 

2 6 

2 6 

1 o 

3 6 

I o 

o 6 

o 4 



The tyro in chemistry is often at a loss to know 
what materials he should purchase, and the quantity 
of each kind ; a list of substances is therefore appended, 
from which he may himself prepare most of the com- 
pounds named in this treatise. A more extensive 
list will also be found in the Appendix. 
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NON-METALLIC ELEMENTS. 

Monads. 

Hydrogen— Hg. 

Atomic wt. and sp. gr. =: I. Molecular weight =: 2. Mole- 
cular volume, normal, i litre weighs i crith.* Atomicity, I. 
The standard of comparison. 

This gas exists largely in a state of combination in 
the organic and inorganic kingdoms; it is a consti- 
tuent of water and of most substances used either for 
fuel or illumination ; it is an essential constituent of all 
acids — hydrochloric, HCl; hydrobromic, HBr; hydri- 
odic, HI; hydrosulphuric,SH2; sulphuric, SO^HOg, &c. 
Most animal and vegetable substances contam it ; it is 
also found in many minerals. It is only met with in 
a free state in nature in volcanic gases. 

Preparation, — It is prepared in a variety of 
ways: — 

(I.) Bypassing a small piece of sodium or potassium 
into an inverted tube filled with water, and standing 
on the pneumatic trough : — 

Nag + 2OH2 = 20NaH + H^ 

Sodic hydrate. 

The sodium displaces half the hydrogen from the 
portion of water acted on, whereby it is converted 
into sodic hydrate, which dissolves as rapidly as it is 
formed. The displaced hydrogen collects in the 
upper part of the tube. The sodium should be folded 
in a piece of blotting-paper and rapidly introduced 
into the tube. This experiment is attended with some 
danger unless skilfully performed. 

* See paragraph on the crith and its uses^ 
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(a.) By passing steam through a. red-hot iron tube 
filled wiUi nails or iron borings. The iron displaces 
the hydrogen, which escapes as gas, thus : — 

jFe + 40Hj = TCfO^ + 4Hj. 

Magnetic oxide. 

(3.) By electric decomposition of water, as will be 
described when treating of oxygen : — 
aOHj = Og + sHj. 
The water breaks up into its elements, oxygen and 
hydrogen, which may be collected separately. 

(4.) By adding diluted sulphuric acid to zinc clip- 
pings, in a bottle provided with a funnel tube passing 
to its bottom, and a tube for conducting the evolved 
gas to the pneumatic trough : — 

Zn + SOjHo^ = SO^Zno* + Hg. 

Sulphuric acid. Zincic sulphate. 

The zincic sulphate remains behind in the bottle, and 
if the liquid be filtered and set aside in a shallow dish 
the salt will crystallize in a few hours. The add 
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(6.) By passing steam through a small platinum 
pipe, which is heated by the oxyhydrogen blowpipe 
flame. The intense heat overcomes the affinity of the 
oxygen for the hydrogen. 

Ftoperties. — Hydrogen at all known temperatures 
and pressures is a transparent and colourless gas, and 
when pure is tasteless and without odour. It is the 
lightest substance known. A litre of hydrogen at the 
normal temperature and pressure only weighs -0896 
gramme, whilst a litre of air weighs nearly 144 times 
as much, and one of oxygen 16 times as much under 
like conditions. 

Hydrogen, from ics extreme lightness, was formerly 
used for filling balloons ; its use is now superseded 
by employing coal gas and larger balloons. 

The property of diffusion, which is common — in a 
greater or less degree — to all gases and vapours, is well 
seen in the following experiment witl* hydrogen and 
carbonic anhydride, two bodies of very different specific 
gravities. If two bottles, one containing hydrogen and 
the other carbonic anhydride, be joined together with 
a glass tube about a foot long and 3-8ths of an inch in 
diameter, the hydrogen in the upper bottle and the 
carbonic anhydride in the lower, we shall find, after 
a few hours, that the carbonic anhydride (contrary to 
its gravity) and the hydrogen have uniformly mixed 
throughout. This diffusive power of gases is of great 
importance in the economy of the universe. Were it 
not for it we should have the different gases and 
vapours of the atmosphere arranging themselves on 
the earth's surface according to their respective 
weights. This diffusive power of hydrogen renders it 
impossible to keep it for any length of time in bladders, 
or the best constructed gasholders, and when mixed 
with air from any leakage it explodes when ignited* 
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Hydrogen is not a supporter of combustion. If a 
lighted taper be plunged into a jar of hydrogen it is 
extinguished ; the hydrogen bums only at the top of 
the jar, where it comes in contact with the oxygen (rf 
the air. A jet of chlorine, oxygen, or air, will, 
however, bum in an atmosphere of hydrogen. Hy- 
drogen bums with a pale blue flame, without mudi 
light, but with intense heat. The temperature may 
be increased by mixing hydrogen and oxygen, in 
the proportion of two volumes of the former to one 
of the latter, and buming it from a safety jet. This 
is called the oxyhydrc^en blowpipe. It is best to use 
two separate gasholders for this experiment. When 
hydrogen is mixed with common air or pure oxygen it 
is highly explosive. Great care should therefore be 
taken in preparing it to allow the first portions of gas 
to escape before appljdng a light. Soap-bubbles and 
india-rubber balloons, blown with hydrogen by means 
of a common pipe attached to a bladder provided with 
a stopcock to regulate the emission of the gas, rise in the 
air with considerable velocity. If a lighted taper he 
o the bubble as it ascends, a slight explosion 
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piece of spongy platinum be brought near a jet of 
hydrogen, it is at once kindled, and the platinum 
becomes red hot The hydrogen and atmospheric 
oxygen are so condensed in this experiment that they 
are brought within the sphere of attraction necessary 
for combination. The same takes place with a mix- 
ture of the two gases. 

The chemical relations of hydrogen assign to it the 
character of a metal, and many efforts have been made 
to establish its metallic character, but all attempts to 
liquefy or solidify it by the usual modes have hitlierto 
faUed. Professor Graham, of Her Majesty's Mint, 
however, has recently obtained an alloy of hydrogen 
and palladium, having a composition closely ap- 
proaching one atom each of the two elements.* " Hy- 
drogenium," as Prof Graham calls the combined hy- 
drogen, " acts in ihis case Uke a metal, and thus the 
opinion held by some scientific men, that hydrogen 
constitutes the vapour of a metal, receives confirmation. 
The sp. gr. of hydrogenium as contained in the alloy 
was found to be 1*95." The alloy was obtained by 
using a palladium pole for a galvanic water decom- 
poser, when the hydrogen was absorbed by the palla- 
dium instead of being given off. Palladium was found 
to absorb 900 times its bulk of hydrogen. 

Nascent Hydrogen. — ^When an elementary body 
is in the act of being liberated from a state of com- 
bination it is said to be in a nascent condition, and in 
this state the activity of its properties is greatly en- 
hanced, and it is in consequence more disposed to 
enter into fresh combinations than when it has become 
entirely free. To account for this phenomenon it may 
be assumed that the elementary atoms are liberated 

♦ Chemical NewSy August 20, 1869. 
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singly, but that they immediately combine with each 
other to foim elementary molecules, in case nothing 
else be present with whidi they can combine. Nascent 
hydrogen shows this enhanced power of combination 
in an eminent degree ; by virtue of this power it acts 
ai a reduting agent, — that is, it will combine with ana 
thus remove the whole or a portion of the ox^en tx 
chlorine, &c., which bodies contain, and thus it reduca 
them to a lower state of combination. Many cases of 
this kind will be noticed in this work, for nascent 
hydrogen is a favourite reducing agent. The following 
will serve at present as an illustration : — 

If hydrogen be passed through a solution of ferric 
chloride, Fe.iClg, for any length of time, it will not alter 
its composition, for free hydrogen cannot reduce 
PBjCI^ in solution; if, however, the hydrogen be 
generated in the solution itself, the nascent hydrogen 
combines with two chlorines, and thus reduces tone 
to ferrous chloride, thus r — 



Fe"',Cl, 




59 

chkmde, NaCl). It is never focmd in nature in its free 
or imcombined state. It is often found among the gases 
evolved from volcanoes as hydrocfaloiic add, HCl. 

FreparatioiL — it is prepared by mixing, to the 
consistency of cream, strong hj^drochloric acid and 
manganic oxide (black oxide <^ manganese). Care 
should be taken that every part is well mixed, so that 
no dry place appears inade the retort or flask, or 
fracture is most likely to result A gentle heat should 
now be applied, when the gas comes over in abun- 
dance. It should be collected over warm water, as 
cold water absorbs about twice its volume ; or it may 
be collected by displacement (see p. 43). The re- 
action is easily understood : — 

(i.) MbOs + 4Ha = MBCI4 + 20H^ 

Manganic chloride. 

This manganic chloride under the influence of heat 
decomposes, thus : — 

(2.) Bln'^Cl, = Mn'Cl, + C^ 

Manganoas 
chloride. 

Instead of the above, a mixture of common salt, NaCl, 
sulphuric acid, and manganic oxide may be used ; the 
following reaction then occurs : — 

MnOs + 2NaCl + 2S02Ho2=S02Mno ''+ SOjNaOg 

Sodic Manganous Sodic 

chloride. sulphate. sulphate. 

+ 2OH3 + Clj. 

This gas produces great irritation in the air passages 
even when breathed in small quantities, and should 
therefore be prepared in the open air, or in a well- 
ventilated room. 

Froperti6S. — ^Chlorine is a yellowish green gas at 
ordinary temperatures, but imder a pressure oC 4t 
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atmospheres at 15-5" C. it is reduced to a limpid liquid, 
having a sp. gr. of 133. Chlorine can be obtained 
in combination with every elementary body. 

Chlorine has little affinity for oxygen ; it combines 
readily, however, with hydrogen and the metals. Ua 
lighted taper be immersed in a jai of the gas it buns 
with a dull red light, with an abundant evolution of 
carbon, in the form of smoke. If a piece of blotting- 
paper be soaked in turpentine, and placed in a jar of 
chlorine, it bursts into flame. In both these cases 
the chlorine combines with the hydrogen to fono 
hydrochloric acid, to the exclusion of the carbon, 
which falls as soot — a very good illustration of the 
superior affinity of chlorine for hydrogen. 

Phosphorus combines with chlorine spontaneously, 
but the flame is very feeble. Copper leaf, powdered 
antimony, and arsenic, all undergo spontaneous com- 
bustion in chlorine. If equal volumes of hydrogen 
and chlorine be introduced into a suitable apparatus, 
and an electric spark sent through the mixture, com- 
bination takes place with great violence. The direct 
s of the sun or the aonroach of a lighted 
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tion, if it be poured into test-glasses containing in- 
fusions of litmus, purple cabbage, turmeric, carmine, 
cochineal, &c., the colours of these substances will 
be removed. When bleaching is practised on a large 
scale a combination with lime is used, called bleaching 
powder. The outline of this process can be easily 
imitated. The bleaching powder is mixed with 
warm water and the solution filtered. Any piece of 
coloured calico may be taken, providing its tint is due 
to some organic colouring matter. It may then be 
washed in the filtered solution. The Uquid bleaches 
but slightly ; but if it be removed from the bleaching 
bath, and rinsed in a bath of dilute sulphuric acid, and 
this process carried on a few times alternately, the 
whole of the colour is removed. The chlorine, when 
in combination with oxygen and calcium, is com- 
paratively inactive ; but when dipped in dilute acid 
the combination is broken up, and the chlorine in 
the presence of water is set free, and manifests its 
bleaching powers. An experiment illustrating this 
property may be performed in the following manner : 
— A piece of cotton, dyed with madder, or any organic 
colouring matter, may have any pattern or device 
stamped upon it, or painted with a mixture of gum and 
tartaric acid. The cloth is dried, and afterwards 
rinsed in a hot solution of bleaching powder. A white 
pattern on a coloured ground is developed, in conse- 
quence of the acid mixed with the gum liberating the 
chlorine, and destroying the colour in those parts upon 
which the pattern was printed. The other parts of 
the cloth are not sensibly affected. 

The property of bleaching is due to the great affinity 
of chlorine for hydrogen ; it decomposes vegetable 
and animal substances, forming with them colourless 
compoimds containing chlorine; in many cases the 
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bleaching effect is no doubt due to the liberation of 
oxygen from water.the presence of wliich is essential:— 

aOHj+2CI, = 4HCl + O,. 
The nascent oxygen acts on the colouring matter, and 
forms a colourless compound with it 

Chlorine no doubt owes its potent disinfecting and 
deodorizing effects to the same properties. 

Hydrochloric Acid— HCl. 

Molecular nt.=36'5, MolecnUr vohun^ nonna]. i litre 
weighi i8'35 crithi. 

Preparation, — As already seen, this acid may be 
prepared by exploding a mixture of equal volumes of 
chlorine and hydrogen, no alterarion of volume taking 
place : — 

Hj + Clj = a HCl. 

Hydrochloric acid gas is commonly prepared by 
heating in a property arranged flask a mixture of com- 
mon salt, a little water, and sulphuric acid. It must 

be collected by displacement, ( 
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NaCl + SOjHoj = Ha + SOjHoNao. 

Sodic Sulphoric Hydrodiloric H]^lric>sodic 
chloride. acid. acid. sulphate. 

Hydrochloric add is made on the large scale in iron 
retorts; the product is impure, containing ferric 
chloride, sodic chloride, arsenious chloride, sulphuric 
and sulphurous adds, and chlorine. This crude acid is 
called muriatic acid, or spirit of salt, and is largely used 
as a solvent for tin for the use of tiie dyer and calico- 
printer. Hydrochloric acid is also a large by-product 
in the manufacture of soda ash. 

Properties. — It is a colouriess gas, fuming when 
in contact with the atmosphere, and is very soluble 
in water. At 15^ C. water absorbs 458 times its bulk, 
and has then a sp. gr. of 1*21. The gas contains equal 
volumes of hydrogen and chlorine, which may be 
proved as follows : — 
(a) By Synthesis: i. One volume of hydrogen and 

one volume of chlorine exploded yield 2 volumes 

of hydrochloric acid. 
(^) By Analysis .• 2. A volume of hydrochloric acid gas 

in which metallic potassium is made to bum is 

reduced to half its bulk, and the residue is 

hydrogen. 
3. Solution of HCl when decomposed by the galvanic 

current, after the lapse of some time, yields 

equal volumes of hydrogen and chlorine. 
By the action of metals, oxides, hydrates, &c., on 
hydrochloric acid, chlorides are obtained thus :— 

Zn + 2HCl = ZnCl2+ Hj. 
CaO -h 2 HCl = CaClj + OH2. 
ONaH + HCl = NaCl -h OH-. 
COCao" + 2HCI = CaClj + OH2 + CO^. 

A mixture of hydrochloric and nitric acid is called 
aqua regia. This substance is a povreiful %obr«vl. 
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Tat for HCl.— A solution of NO^go, added to i 
solution containing HCl, or a chloride, will give a 
white curdy precipitate, which is insoluble in NOjHo, 
but soluble in AmHo ; e. g. — 

NaCl + NOjAgo = AgCl + NO,Nao. 

InsoluMe 
precipitate. 



DiAQ Elements. 

Oxygen— o. 

Atomic weight and sp. gr. ^ 16. Molecular weight, J3, 
Molecular volume, oonnal. i litre weighs r6 criths. Almi- 
city, II. 

Oxygen gas was discovered by Priestley in 1774, 
who called it dephlogisticated air. It was also dis- 
covered about the same time by Scheele, a Swedish 
chemist, who called it empyreal air and vital air. The 
term oxygen was given to this gas by Lavoisier some 
time after its discovery. 

Occurrence in Nature- — This element is largely 
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I. By exposing the red oxide of mercury to heat in 
small glass retort or hard glass test-tube. In this 
tjstance the affinity which holds the oxygen to the 
:rcury is so feeble, that exposure to heat is sufficient 
cause a separation into oxygen gas and metallic 
M'cury, The mercury collects in small globules in 
s cold part of tlie retort, and the oxygen passes over 
agas:— 

jHgO = 2Hg + Oa. 
le chief interest connected with this method is that 
was the one employed by Priestley : it is seldom 
opted by chemists, as it is too expensive. The 
|>eriment here described is more iostructive as an 
cellent case of the resolution by simple means of 
compound body into its constituents, than valuable 
a source of oxygen. 

3. It may also be prepared by exposing manganic 
dde (black oxide of manganese). If nO^, to a red 
•At, in an iron bottle or retort : — 

3MiiOs= MnsO, + Oy 
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In ibb pfD ce a s ooe-tfaird (tf tbc oxygen is obtained. 
This m^od b sometimes »lopted wlien Luge quan- 
tities of oxjigcn arc rcqmied, bat tbe oxjgen is seldom 
pore. (See Jjg. 4-) 

3. OxTgen ma; also be prepared by heating in a 
glass Tctoit 3L mtituFe trf' manganic oxide and sulphuric 
add. These materials should be well mixed, so that 
no diy place appears in that part of the fttort where 
the materials are placed. If diis is not attended to, 
fiactiire of the retort is likely to take place. The 
decomposition is easily illustiated : — 

3H11O1 + aSOiHo, = 2OH, + aSOiMno' +0* 
Manganons sulphate. 

4. Oxygen is also prepared by 

the decomposition ot water by 
voltaic electricity. (See J^i^. 5.) 
This is inleresting as determin- 
ing the composition of water, 
the hydrogen being liberated 
at the negative electrode, and 
the oxygen at the positive. " 
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Fig. 6. 

paration of gases the first part is a mixture of air, and 
should always be allowed to escape. Potassic chlorate 
is composed of i atom of potassium, i of chlorine, 
and 3 of oxygen ; on the application of heat the whole 
of the oxygen is given oflf : — 

Potassic chlorate. 

6. Oxygen can be obtained by heating a mixture of 
potassic bichromate and sulphuric acid in a retort or 
flask : — 

( CrOaKo 

2 -{ O + 8S0aH02=2S0aK02 + aSsO^CCrgO/^ 

V CrO£Ko Chromic sul[ \ ite. 

+ 8OH2 + 3O2' 

7. If a mixture of steam and chlorine he passed 
through a red-hot porcelain tube, the chlorine unites 
with the hydrogen of the water, and oxygen is liberated, 
thus: — 

2OH2 + 2CI2 = 4HCI + O2. 

8. Oxygen can be produced on a large scale by 
dropping sulphuric acid into a red-hot. ^la.ti3aMtsv 
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or poicelain tube; the sulphuric add molecule is 
broken up by the intense heat as under : — 

3SOjHOg = 2SOj + aOHj + Oa- 
The sulphurous anhydride is absorbed by suitable 
means, and the oxygen passed into a gasholder. 

Many other processes for making oxygen have from 
time to time been proposed, but as yet they have no 
importance. 

Oxygen is liberated on the grand scale in nature by 
the decomposition, through the agency of sunlight, trf 
carbonic anhydride by the green leaves of plants : — 
CO, = C + O^ 

Properties. — Oxygen at all observed temperatures 
is a transparent, colourless, inodorous, and tasteless 
gas. It is not combustible — that is, it will not bum, 
— but it is a powerfiil supporter of the burning of 
other bodies. It has no acid nor alkaline reaction, 



with increased brilliancy in pure oxygen. A strip of 
wood, if only a spark remain, is instantly rekindled 
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Fe304 : the burning phosphorus produces phosphoric 
anhydride, P2O5, in solid white flakes, which dissolve 
in the water: sulphurous anhydride gas, SO*, is 
produced from the sulphur, and carbonic anhyoride 
gas, CO2, from the burning charcoal. Both the SO* 
and the CO2 dissolve partly in the water. In all 
these cases chemical combination takes place between 
the oxygen and the burning body ; and the increase in 
weight of the body is exactly the same as the weight of 
oxygen consumed. All the common cases of com- 
bustion which take place in air give precisely the 
same result as those which take place in oxygen. 
The action in ptu'e oxygen is more energetic, owing to 
the absence of nitrogen. In the atmosphere these 
changes take place in a more subdued manner. The 
respiration of animals is, in effect, the same as com- 
mon combustion. The substances in the blood bum 
away slowly by the aid of the oxygen introduced into 
the system. An ounce of iron rusting in the air pro- 
duces just the same amount of heat as if it had been 
burnt like the wire in oxygen. This slow combustion, 
tmattended by light, often extends over several years, 
while the same result could be produced by pure 
oxygen (assisted at first by heat) in a few seconds. 

The decay of animal and vegetable substances is a 
process of slow oxidation. The oflfensive impurities 
of the air and water are destroyed in a great degree by 
a slow process of burning. The lungs of land animals, 
and the gills of fish, are adapted to absorb oxygen, 
the animal from the air, and the fish from the dis- 
solved oxygen of the water. An animal confined in 
a given bulk of air dies as soon as the oxygen is 
consumed; but if confined in the same bulk of 
oxygen, the circulation quickens, and fever and death 
are the results, — not, however, as in l\ie pi«v\Qi\3i& ^^.'^^^ 
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from depriv'&tion of oxygen, but from an excess of 
that body, causing the animal to live too quiddy. 
Such is a brief outline of the relation of oxygen to 
animal life. Its action seems destructive, yet it is 
the sustainer of life, the mainspring of all vital action. 
Oxygen may be distinguished from every other gas, 
except nitrous oxide,' by plunging into it a taper 
which has just been blown out ; if the smallest part 
is incaudesccDt it immediately bursts into Oimt. 
Oxygen gives red fumes when mixed with nitric oxide, 
which nitrous oxide does not. 



Ozone — Allotropic Oxygen — Og. 



Molecnlar t 



This remarkable gas has been the subject of many 
researches, especially by Schonbein, of Basle, who 
gave it the name it bears (from o^w, I smell), on 
account of its peculiar odour. 

Preparation.—!. If a dean piece of phosphorus 
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oil of turpentine, and other essential oils, and 
Siemens has prepared it by electric induction. The 
whole of the oxygen cannot, by any known process, 
be converted into ozone. 

Properties. — When heated, ozone is transformed 
into ordinary oxygen with increase of its volume. It 
possesses bleaching and disinfecting properties, and 
hence probably performs useful service in the economy 
of nature, as it is supposed to exist in the atmosphere. 
It is an extremely powerful oxidizing agent ; it cor- 
rodes cork, and rapidly oxidizes iron, copper, and 
even silver and mercury. It is absorbed by the 
essences of turpentine and cinnamon. When it oxi- 
dizes a substance, it does not diminish in bulk ; this 
is probably to be accounted for by assuming that only 
one of the atoms in the molecule of ozone, Og, is 
employed in oxidizing, and the other two remain to 
form a molecule of ordinary oxygen, which will occupy 
the same bulk as the ozone itself : thus, — 

Ag2 + .^8 = 0Ag2 + Oo. 

One mole- One mole- 

cule ozone. cule oxygen. 

Test — ^A strip of paper moistened with a mixture 
of starch paste and solution of potassic iodide is 
turned blue by ozone (see test for iodine) : — 

2KI + OH2 + 03 = 2KH0 + I2 + O2. 

The blue substance is a compound of iodine and 
starch. This test is far from being a satisfactory one, 
as the paper is turned blue by other substances, 
especially by certain oxides of nitrogen, which very 
probably exist in the air in minute quantities : hence 
the existence of ozone in the air is at the best 
problematical 
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Watei^OHy 

Molecular wdgfat = iS. Molecular Tolume, normaL i litre of 
water vapour weighs 9 criths. Boils at lOo** C. 

The composition of water was first discovered by 
Mr. Cavendish, but its exact composition by weight 
and volume has occupied the attention of chemists for 
some years. There are two methods of determining 
the composition of any compound body : these are 
analysis^ by which the compound is resolved into its 
constituents ; and synthesis, by which the elements or 
constituents are made to unite to produce the com- 
pound. Both these methods have been brought to 
bear on the determination of the proportions of 
oxygen and hydrogen in water. 

Analysis. — The most elegant illustration of the 
analysis of water is its decomposition by voltaic elec- 
tricity (see p. 66). This experiment proves that water 
is composed of two volumes of hydrogen united to 
one volume of oxygen. Methods i, 2, and 6, for pre- 
paring hydrogen, are also processes for determining 
the composition of water by analysis. 

Synthesis. — ^When a mixture of exactly two 
volumes of hydrogen and one volume of oxygen is 
exploded in a strong glass tube standing over mercuiy, 
the whole of the mixture becomes water, whereas any 
proportions varying from these leave an excess of 
oxygen or hydrogen, as the case may be. The follow- 
ing is another synthetical mode : — Dry hydrogen is 
passed through a red-hot tube containing dry cupric 
oxide ; the water vapour produced is carefully con- 
densed and weighed ; the cupric oxide is also weighed, 
both before and after the operation : the loss of weight 
of the cupric oxide is always found to be in proportion 
to the weight of water contained, as 8 : 9 : — 
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aCuO + 2H2 = CUg-f 2OH2. 
In this equation the loss of weight of 2GuO =32 
and amount of water formed = 36 ; and — 

As 32 : 36 :: 16 : 18; 

Oxygen. Water. Oxygen. Water. 

therefore, every sixteen parts by weight of oxygen 
unite with two parts by weight of hydrogen to form 
eighteen parts by weight of water. 

Properties. — Water, when pure, is colourless, ex- 
cept when viewed in a large mass, when it appears 
of a beautiful blue colour. It is inodorous, tasteless, 
and transparent. It attains its maximum density at 
4°C.; it boils under ordinary atmospheric pressure at 
100° It evaporates at all temperatures. It is 815 
times heavier than air; an imperial gallon weighs 
10 lbs. avoirdupois. A cubic metre of distilled water 
at 4° C. weighs i,ooo kilogrammes, and a litre weighs 
1,000 grammes. It is compressible in a very slight 
degree. The specific gravity of water vapour, when 
compared with hydrogen at the same temperature and 

.„ 2 + 16 
pressure, is = 9. 

Water never occurs in nature perfectly pure. Fil- 
tration through sand will remove suspended impurities, 
and distillation will firee the liquid from those dissolved. 
The solvent properties of water are far greater than 
those of any other liquid. Many salts are soluble in 
water, the solubility increasing with an increase of 
temperature, and the solution deposits crystals as it 
cools. Common salt and some of the salts of calcium 
are, however, exceptions to this general rule. (Seep.4S.) 

Water dissolves most of the gases, although in very 
unequal quantities. Hydrogen, oxygen, and common 
air are absorbed to a small extent, while ammonia and 
hjrdrochloric acid gases are dissolved lo 21 v^t^ ^«a.t 



\ 



NATURAL WATERS. 75 

compounds, effervescent when it evolves gas freely, 
suiphureaus when it contains sulphuretted hydrogen 
in solution, and saline when considerable quantities of 
salts are held in solution, such as magnesic and sodic 
sulphates. 

River water is frequently contaminated with town 
sewage, manure drainage from land, vegetable matter 
in solution, and numerous impurities in suspension. 
It is therefore not so well fitted for domestic purposes 
as spring water, as organic matter is much more detri- 
mental to health than mineral matter. The kind of 
organic impurity is of more importance than the quan- 
tity, as decomposing animal matters are more likely 
to be prejudicial to health than vegetable substances. 

Sea water contains a variety of salts in solution, 
sodic chloride being the principal one. Magnesic 
chloride, sulphate, and bromide, and calcic carbonate 
and sulphate are also present, and traces of iodine 
and ammonia. 

Water for domestic purposes should be bright 

and clear, and as free as possiole from organic impuri- 
ties. It should not destroy the colour imparted to it 
by adding a few drops of Condfs Jluid^ nor should it 
leave much residue when a quart of it is evaporated to 
dryness in a small porcelain dish ; the dry residue should 
not give off red fumes or the smell of burning hair when 
heated to redness. The water should have no taste, 
and should give a lather pretty readily with soap. 
"We are at present very much in the dark with 
regard to the sanitary aspect of the amount of solids 
existing in water. Whether a water having an excep- 
tionally small amount of solid contents ' is specially 
salubrious remains to be ascertained. A very large 
quantity of mixed matter is certainly unwholesome. 
To take an extreme case, sea water is absolutely non- 



t w^Hlher (be 31 grains p^ pDon 
; and wbether dooUe tint uootro^ 
WDold do die snaHest damage to the beabb of peisoos 
who aboold drink sodi water, is an (q>en qnestioD."* 
Water is freed from disstrined organic imparities by 
imng animal diaicoal for tbc Stia. 

Hardness and SoftDess. — These terms are 
a^^plied to water aocor dii ^ as it produces a lather 
with difficnlly or easily with soap. The hardness 
arises from the presence ot calcic and magncsic 
salts, which destroy the soap, and it is always esti- 
mated in Lbe decrees of Dr. Clark, as given below ; 
the number of grains of caldc carbonate, or its equi- 
valent of other calcic or magnet salts, giving the 
number of degrees of hardness : thus Thames water 
abore London contains 15 grains of calcic carbonate 
per gallon ; it is therefore of 15 degrees (A hardness. 

llie degree of hardness is ascertained by means of 
Dr. Clark's soap test, which is made by dissolving 
curd soap in rectified spirit, and making it of such 
a strength that 33 decerns (a decem= 10 water grains) 
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five minutes. The degree of hardness 


lated by Dr. Clark's table as under :— 


Degree 


of Soap test decern 


hardness. measures required. 


o 


1-4 


1 


3-2 




2 


5*4 




3 


7-6 




4 


9-6 




s 


ii'6 




6 . 


13*6 




7 


. . 15-6 




8 . 


175 




9 


19-4 




ID 


213 




II 


231 




la 


249 




13 


267 




14 


28-5 




IS 


30'3 




i6 


32 





DifTerences as for 

the next degree 

of hardness. 

2*2 
2'2 

2'0 
20 
2'0 
20 
19 

1*9 
19 

vS 
r8 
1-8 
r8 
1-8 

17 



Thus a sample of water, of which 1,000 grains require 
15*6 decems of the solution of soap to be added 
before a lather is formed, is of 7 degrees of hardness. 
Water which exhibits 7 or more degrees of hardness 
is said to be Aard water; if below 7 degrees it is 
regarded as soft water. Water which is over 1 6 degrees 
of hardness is too hard for ordinary piuposes. 

Calcic and magnesic carbonates are almost in- 
soluble in pure water, but they are freely dissolved by 
carbonic acid, which is usually contained in water. 
These carbonates give hardness to water, but they 
may be removed in a great measure by* boiling the 
water, or by adding lime to it : thus, — 
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COCao' ^ COHo, + CaHo, = sGOCao' + iQW^ 

Cildc CuboDic CiJdc Cakx 

carbonate. add. hjdiate. caibotaXe, Wittf. 

The calcic caibooate already dissolved in the mia, 
together with that fonoed by the action of die hme, 
on the dissolved carbonic add, separate &tHn the 
water and deposit. As caldc carbonate is therelbn 
Temoveable, the hardness of the water ctHitainiDg it 
is said to be temporary. Water, however, which is 
rendered bard by having caldc sulphate in solutiai, 
is said to be permanoitly hard, as the caldnm salt 
cannot be removed without introducing other objec- 
tionable substances. 

Hydroxyl-HjO^ or (HO)„ or Ho* or JgJ[ 
Hjdric peroxide, binaiide of b|drcigeii, oiygaiated water. 
This substance has attracted considerable attention 
recently on theoretical grounds, inasmuch as it is be- 
lieved to be contained in a vast number of compounds, 
and to play a very important part in their constitution, 
and in the chemical changes which they undergo. 
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all oxy-acidSy hydrates, acid salts, and in multitudes of 
other compounds. For numerous examples of its 
occurrence the student is referred to the table of salts, 
p. 33 ^ seg. 

Preparation. — Hydroxyl is somewhat difficult to 
make; the following are the processes usually em- 
ployed : — 

1. Baric peroxide is suspended in ice-cold water, 
and carbonic anhydride is passed through the water 
for some time ; the containing vessel should be sur- 
rounded by ice. The hydroxyl is produced by the 
following reaction :— 

gfia^ + CO2 + 0H2= COBao^ + |^gg 

Baric Carbonic Baric tt j t 

peroxide, jmhydride. carbonate, "y^^xyi, 

2. Baric peroxide is dissolved in hydrochloric acid, 
carefully cooled by ice : — 

|gBa"+2HCl = BaCl2+|gg 

The barium is precipitated by cautiously adding sul- 
phuric acid : — 

BaCla + SO2H02 = SOgBao" + 2HCI. 

The chlorine of the hydrochloric acid is then removed 
by adding solution of argentic sulphate : — 

SOjAgo, + 2HCI = SOjHoj + 2AgCl. 

And, lastly, the sulphuric acid is precipitated by the 
addition of baryta water : — 

SO,Hoa + BaHo, = SOaBao'' + 2 OH,. 

In all the above stages the insoluble precipitates will 
require to be filtered off; the last fluid will contain 
nothing but hydroxyl and water, the latUi oC v«Vi\!dv 
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may be removed by placing it under an air-pump, and 
continuously exhausting until the fluid has acquired 
the sp. gr. of 1-45. 

Properties. — It is a colourless, transparent, odour- 
less, syrupy liquid, possessing powerful bleaching pro- 
perties. It is very prone to decomposition : it effer- 
vesces with the least elevation of temperature, giving 
off oxygen gas : when raised to 100° it explodes. It 
is freely soluble in water, and in this state is not so 
liable to decompose. It has powerful oxidizing pro- 
perties. It converts plumbic sulphide, PbS, into 
plumbic sulphate, SOgPbo", which property is tamed 
to account in the restoration of oil paintings which 
have become blackened by the conversion of the lead 
into sulphide. Its most remarkable property is its 
power to reduce argentic oxide to the metallic state : — 

{oh "^ 0Ag2 = OH2 + O2 + Agg. 

This peculiar reaction gives considerable support to 
the assumption that elementary bodies, when free, 
consist of molecules in which two atoms are combined. 
(See Molecules, p. 8.) 

Oxides and Ozy-acids of Chlorine. 

These compounds can only be obtained by indirect 
means. 
There are three oxides known, — 

Hypochlorous anhydride 
Chlorous anhydride 



Chloric peroxide 




OXIDES AND OXY-ACIDS OF CHLORINE. 8 1 

And four oxy-acids, — 

Hypochlorous acid . . ClHo 

Chlorous acid .... QClHo 

Chloric acid .... | gg^ 

focr 

Perchloric acid . . . • "{ O 

(OHo 

^ypochlorons anhydride, OClg, is prepared by 

passing dry chlorine through a tube containing mer- 
curic oxide, produced by precipitation and subsequent 
exposure to a strong heat. It is a pale yellow gas, 
having a peculiar odour distinct from that of chlorine. 

(HgCl 
i'Ei.O + 2C1. = < O + OCL. 

I HgCl 

Mercuric Mercuric 

oxide. oxychloride. 

The ^as is decomposed by water, forming Ayfio- 
chlonms acid, ClHo, which )delds hypochlorites when 
acted on by metallic oxides or hydrates, thus : — 

. ONaH + QHo = ClNao + OH^. 

Sbdi^ Hjrpoclorous Sodic 

hydrate. acid. hypochlorite. 

The substance called bleaching powder was formerly 
thouglit to be a mixture of calcic chloride and c&lcic 
hypochlorite j it does not appear, however, to contain 
calcic chloride. It is made bv passing chlorine gas 
into a low room, on the floot 6i which a laiyer of lime 
is placed, until no more gas is absorbed. The reaction 
seisms to be as follows : — 

CaHog + Clj = Ca(OCl)Cl + OHg. 

Calcic Calcic 

hydrate. cbloro-hyp^dilorite. 

G 
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The calcic chloro-hypochlorite is known in com- i 
merce under the names of blecKhing powdtr aud 1 
ckhride of lime. Acids hberate free chlorine from it, 
thus : — 

C»(OCl)Cl + 2HCI = CaCl. + OHj + Cl^. 
fOCI 

Chlorons anhydride, 'S O , is prepared by heat- 
l CCI 
in^ in a dask a mixture of potassic chlorate, arsenious 
aad, and nitric acid. The flask must be filled to the 
neck, and heated in a water bath. The reaction is 
somewhat complicated. Chlorous anhydride is a 
greenish yellow gas, which liquefies with extreme cold. 
It is decomposed by water, forming chlorous acid, 
QClHo, a greenish yellow liquid, having strong 
bleaching and oxidizing properties. With bases it 
forms chlorites. 

j-OCl 

Chloric peroxide, Iq i is made by very cau- 
ioci 

tiously heating in a small glass retort a mixture of 
powdered potassic chlorate and sulphuric acid made 
into a paste. The retort is placed i 
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Chloric acid, {qHo' ^^ obtained by adding 

dilute sulphuric acid to a solution of baric chlorate 
so long as a precipitate separates. The solution con- 
tains chloric acid : it must not be filtered, but allowed 
to settle, and the liquid decanted from the insoluble 
baric sulphate : — 



OCl 

o 



. . yoci 



Bao'' + SO2H02 = a |g^^^ + SOgBao^ 

^p. Chloric add. Baric sulphate. 

Baric dilorate. 

The liquid may be concentrated by cautious eva 
poration. It is then a syrupy fluid, having extremely 
powerful oxidizing properties. It is readily decom- 
posed. 

Chlorates niay be made by passing chlorine gas 
through a solution of a hydrate : thus calcic chlorate 
is made by passing chlorine through boiling milk of 
lime : — 



6CaH02 + 

Calcic hydrate. 



roci 

o 

6CI2 = -I Cao" + sCaClg + 6OH2. 

O Calcic chloride. 

oci 

Calcic 
chlorate. 



Potassic chlorate is obtained by the addition of 
potassic chloride to the above solution of calcic 
chlorate. The potassic chlorate is separated from 
the calcic chloride by crystallization. 
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loa 

PerchloiiC acid, -' O , is prepared by distSIJng 
(OHo 
potassic perchlomte with sulphuric acid : — 

iOCl f OCl 

+ SO,Bo, = 2-^0 -f SO,Ko, 
OKo I OHo 

Potassic Percbloric 

percUoiate. acid. 

Pure perchloric acid is a colourless liquid ; it soon 
becomes coloured, and after a few weeks decomposes 
with explosion. When brought in contact with 
charcoal or other organic substances it explodes with 
feariiil violence. It should therefore only be made 
in small quantities, and then cautiously. 

Potassic percblorate is made by heating potassic 
chlorate until one- third of the oxygen has come off; 
the substance then consists of a mixture of potassic 
chloride and pcrchlorate, which may be separated by 
crystallization : — 

fOci 
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Freparation. — Like oxygen, boron is capable of 
assuming more forms than one ; it can be obtained 
in three allotropic forms : — 

Amorphous boron is obtained by heating boric 
anhydride with sodium : — 

B2O3 + sNag = sONag + Bg. 

It is a brownish powder; heated in air it bums to 
boric anhydride. 

Graphitoid boron is got when boric chloride is 
passed over fused aluminium : — 

AI2 + 2BCI3 = AljCl^ + Bg. 

It crystallizes in thin opaque six-sided plates. 

Diamond boron is made by fusing boric anhy- 
dride with aluminium : — 

AI2 + B2O3 = AI2O3 + B2. 

The crystals are in square octahedrons, of a brownish 
colour, and exceedingly hard, as they will scratch the 
ruby. Sp. gr., 2 68. 

Boric anhydride, B2O8, is obtained by fusing 
boric acid at a red heat : — 

2BH03 = B2O3 + 3OH2. 

The anhydride is a glassy-looking substance. 

Boric acid, BH03 (boracic acid), is most readily 
obtained by adding hydrochloric acid to a hot solution 
of borax : as the liquid cools the boric acid separates 
in beautiful crystals. When cold the liquid may be 
decanted, and the crystals slightly washed with cold 
water : — 

BjPsNaOa -»• aHCl + sQHg = 4BH08 + 2NaCl. 

Bona. Boric acid. 

On laisiiig a solution of boric acid to 100^ C. it is 
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converted into metabolic acid, BOHo, with loss' of a 
molecule of water. 
Boric chloridejBCIj.ispreparedbyexposing to the 

action of dry chlorine at a very high tenaperaturp an in- 
timate mixture of fused boric anhydride and charcoal; — 
BA + 3CI, + Cs = iBClj + 3C"0. 

Boric Boric Carbonic 

anhydride. chloride. onide. 

Borax, B405Nao2 is an abnormal sodic borate ; it 
is employed for soldering metals, forming the glazes for 
porcelain, and as a flux for examining metallic com- 
pounds before the blowpipe. A loop made of platinum 
wire is strongly heated and dipped into borax powder ; 
a series of experiments can now be made. A salt of 
manganese heated in the outer flame of the blowpipe, 
with the borax on the wire, gives a violet- coloured 
bead ; cobalt, blue ; chromium, green. 

Boron, when heated, will burn in nitrogen gas, 
forming therewith boric nitride, BN. 
Tetrad Elements. 
Carbon— 
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of all animal and vegetable substances. Coal consists 
mainly of carbon, — and some varieties, as anthracite^ 
almost entirely of it. 

Preparation and Properties.— Charcoal is ob- 
tained by exposing animal or vegetable substances to 
the action of heat, carefully excluding the atmosphere 
during the operation. This process is now usually 
performed in large iron retorts, somewhat similar to 
those which are used for making coal gas. The specific 
gravity of the charcoal varies with the wood from 
which it is manufactured. 

Charcoal is very combustible, and is extensively 
used on the Continent for fuel. When perfectly pure 
it bums without flame. It is a very indestructible 
and unchangeable substance. Wooden piles driven 
into the earth are usually charred to prevent decay. 
Charcoal has the power of condensing in its pores 
different gases. It has been found to absorb 90 times 
its bulk of ammonia, 55 of sulphuretted hydrogen, 
35 of carbonic anhydride, and 94 of oxygen. The 
absorbed gases are condensed within the pores of the 
charcoal, and those which are combustible are burnt 
up by the oxygen which is also present. In this 
manner charcoal acts as an oxidizer, and it is in virtue 
of this property that it is a deodorizer. Charcoal 
when newly prepared restores meat slightly tainted, 
either by being boiled with it or rubbed over it. It 
thus removes all offensive odours. Rats buried in 
powdered charcoal yielded no unpleasant effluvia 
when opened after three months. Water is purified 
by passing it through filters constructed of layers of 
charcoal and sand. Black crayons are made from thfe 
charcoal of the willow. The charcoal used in the 
manufacture of gunpowder is made from dogwood 
or elder. 
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Ivory and bone-bUck are. varieties of charcoal 
which result in the heating of bonps in a retort till 
all the volatile products are evolved. This bone- 
black, however, only contains about lo per cent of 
carbon. The remainder is chiefly calcic phosphate 
and carbonate. Ivory-black is used as ink in printing 
&on3 copper and steel engravings. The preparation 
of bone-black is now an important branch of chemical 
manufacture, as it is largely used in sugar-refining, 
owing to its bleaching or decolourizing properties. 

Lamp-black results from the imperfect combustion 
of tar, oil, or resin. The greater part of the carbon 
is carried off in a state of finely divided powder. 
When these particles come in contact with a cold 
body they form a deposit of carbon, which may be 
scraped o£ This forms the lamp-black of commerce. 
The operation is performed with a limited supply 
of air in a high chimney, containing a number of 
plates, upon which the lamp-black collects like soot 
in our own chimneys. 

Plumbago or black-lead was formerly thought to be 
a carbide of iron; it is, however, little else but 
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For diamonds of moderate size, and the same 
quality, the value is estimated in this manner ; — The 
weight is given in carats. These carats are subdivided 
into halves, quarters, eighths, sixteenths, and thirty- 
second parts. If four diamonds weigh i, 2, 3, and 
4 carats each, their respective value will be as 
I, 4, 9, and 16 ; their vsdue is in the ratio of the 
squares of their respective weights. The Koh-i-Noor 
weighed 186 carats; since it has been recut it weighs 
102.^ carats. 

Carbon,like boron, assumes three allotropic forms; in 
the artificial varieties, such as charcoal and lamp-black, 
we have amorphous carbon. Black-leady or graphite^ 
as it is sometimes called, is a crystallized form of 
carbon, the crystals being six-sided plates belonging 
to the rhombohedral system. Gas cathon^ a very 
hard form of this variety of carbon, is deposited in 
the hottest part of gas retorts, and results from the 
partial decomposition of the coal gas when the retorts 
are made too hot; it forms the carbon element in 
Bunsen's form of galvanic battery. Graphite is also 
one of the constituents of cast iron. The other crys- 
tallized form of carbon is the diamond^ the crystals of 
which belong to the regular system ; carbon is therefore 
dimorphous^ — that is, it assumes two crystalline forms. 

COMPOUNDS OF CARBON AND OXYGEN. 

There are two well-known compounds of oxygen 
and carbon — carbonic anhydride and carbonic oxide. 

Carbonic anhydride, CO^, is an important con- 
stituent of the atmosphere, of which it forms .^^ of 
its bulk in the open country ; it is also present m all 
spring water ; it is evolved from volcanoes, and is a 
constant product of respiration. It is the dreaded 
choke-damp of the miner. Fermenting liquids, 
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decaying animal and vegetable substances, and the 
combustion of coal, wood, and gas, are continual 

sources of carbonic anhydride. 

The acid corresponding to COj hs^ t^c composition 
COHO2, but it has never yet been isolated, on account 
of its decomposition into OH^ and COg. Its salts, 
however, are well known, and are called carbonates; 
thus we have the two sodic carbonates, CONaOj and 
COHoNao, and calcic carbonate, COCao'. 

Preparation. — Carbonic anhydride may be pre- 
pared synthetically by burning carbon in oxygen, or 
analytically by decomposing a carbonate. When 
carbon is burnt in oxygen no change of volume takes 
place, although there is an increase of weight; for 
one volume of hypothetical carbon vapour unites with 
two volumes of oxygen, yielding two volumes of car- 
bonic anhydride : the sp. gr, of the gas will therefore 

— — ^ •"' ; that is, one volume of this 

the same volume < 
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a jar of carbonic anhydride. It is not a supporter of 
combustion or respiration, nor is it combustible. 
Heated potassium or sodium, or previously ignited 
magnesium, will, however, bum in carbonic anhydride, 
the carbon being deposited as a black mass : — 

3CO2 + 2K2 = 2COK02 + C. 

It extinguishes flame, — not for the same reason as nitro- 
gen, by excluding oxygen; for if we mix one volume 
of oxygen with four of carbonic anhydride, it does 
not support combustion, although the quantity of 
oxygen is as great as in common air." If a living 
animal be immersed in an atmosphere of nitrogen, it 
dies the same as if it were immersed in water. The 
nitrogen kills by suffocation ; carbonic anhydride kills 
by poisoning: all the other conditions of life may be 
present, but the inhalation of this gas produces 
death. In winter, on the Continent, people burn char- 
coal in braziers, — a most unhealthy and dangerous 
practice where there is not a proper exit for the car- 
bonic anhydride produced. 

A solution of carbonic anhydride reddens litmus. 
Carbonic acid is a dibasic acid, giving rise to two 
classes of salts, in one of which half the hydrogen of 
the acid, and in the other the whole of it, is replaced 
by a metal or radical ; thus we have hydric-potassic 
carbonate, COHoKo, and potassic carbonate, COKOg, 
the original acid being CC)Ho2. 

Tests. — Carbonic anhydride is expelled from car- 
bonates on the addition of a strong acid : the gas 
passed into calcic hydrate (lime water) gives a white 
precipitate of calcic carbonate {chalk), which re-dis- 
solves with an excess of the gas: — 

CaHog + CO2 = COCao" + OHg. 

The same effect is produced when the breath is blown 
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through lime water by means of a glass tube. The 
carbonic anhydride in the breath unites with the lime. 
Carbonic Oxide, CO.— The blue lambent Bame 
sometimes seen on the top of brick-kilns and coke- 
ovens, and in our own fireplaces, is due to the com- 
bustion of carbonic oxide. This compound contains 
one atom less of oxygen than carbonic anhydride, 
and the carbon is consequently here a diad. 

Preparation. — i. It may be prepared by passing 
carbonic anhydride through a red-hot iron tube filled 
with iron borings : — 

4CO, + Fe, = FejOi + 4CO. 
Carbonic Magnetic Carbonic 

anhydride. oxide of iron. oxide. 

2. It may also be obtained by passing carbonic 
aniiydride tlirough a red-hot porcelain tube filled with 
charcoal i— 

. COj -1- C = 2CO. 

Carbonic CartiOQic 

anhydride. oxide, 

iliir change to this takes place in charcoal ahd 
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this case, at a boiling temperature, it withdraws a 
molecule of water from the oxalic acid, leaving C2O3, 
which cannot exist as such, but breaks up into a mix- 
ture of carbonic oxide, CO, and carbonic anhydride, 
COg. By passing the gases through a solution of 
caustic potash, the carbonic anhydride is absorbed, 
and the carbonic oxide, CO, passes over, and may be 
collected at the pneumatic trough in the usual way. 

{COHO =0H2 + CO + C'vO,. 

Oxalic Carbonic Carbonic 

acid. oxide, anhydride. 

Carbonic oxide may be obtained by many other 
processes ; thus it is formed when carbon bums in a 
limited supply of air, when formic acid or a formiate 
is heated with sulphuric acid, when potassic ferro- 
cyanide is heated with sulphuric acid, or by heating 
iron, zinc, or carbon with a carbonate. 

Flroperties. — This gas is transparent, colourless, 
tasteless, and inodorous; it is slightly lighter than 

common air. Its sp. gr. is — =14. It is 

highly combustible, but does not support either com- 
bustion or respiration. It bums, in air or oxygen, 
with a blue lambent flame, becoming carbonic anhy- 
dride. Dumas has shown that this gas is a hundred 
times more poisonous than carbonic anhydride, a fact 
which till lately was unknown. It acts as a reducing 
agent at high temperatures in many metallurgical ope- 
rations. 

The compounds of carbon with hydrogen, chlorine, 
and nitrogen, belong to organic chemistry. 
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Pentad Elements. 
Nitrogen— Ng. 

Antomic weight and sp. gr. =: 14. Molecular weight = 28. 
Molecular volume, nonnal. i litre weighs 14 criths. Atomi- 
city, V. (frequently III., sometimes I.). 

Occurrence in Nature. — Nitrogen forms by 

volume about 4-5 ths of the atmosphere, and enters into 
a variety of combinations. It exists in combination in 
the vegetable kingdom, forming either nutritious food 
like gluten, useful medicines like quinine, or violent 
poisons like prussic acid, strychnia, and nicotine. It 
is a constituent of muscular tissue to the extent of 
about 17 per cent. In the mineral kingdom it is 
contained in coal, and in potassic and sodic nitrates. 

Nitrogen may be prepared, — 
of (i.) By burning a small piece 
of phosphorus in a confined 
portion of common air under a 
gas jar standing over water, by 
"^E u IiBl- which phosphoric anhydride is 
^^1 JeSI'I^P produced, but the nitrogen re- 
^F 'i_' _^0[r'^ mains unacted on. The white 
Fig. 8 solid flakcs of phosphoric anhy- 

dride are dissolved in the water 
over which the jar is placed. (See JFtg. 8.) It must 
stand till it becomes clear. The water will rise up 
in the jar to the extent of about i-5th, and will thus 
replace the oxygen which is burnt out. 

(2.) By passing chlorine through a solution of 
ammonia : — 

SNHa -h 3CI2 = 6AmCl + N2. 

The HCl thus formed unites with the excess of 
ammonia, forming NH4CI (ammonic chloride). Great 
care must be taken in this experiment to keep a large 
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excess of ammonia, or the excess of chlorine will act 
on the ammonic chloride thus : — 

N'H^Cl + 6C1 = 4HCI + N'"Cl3. 

Nitrous chloride. 

This nitrous chloride is a terribly explosive and dan- 
gerous compound. 
(3.) By mixing iron filings and sulphur with water, 

and allowing the mixture to remain under a gas jar for 

twenty-four hours. The oxygen of the atmosphere is 

absorbed, and nitrogen only remains. 
(4.) Nitrogen can also be obtained from the 

atmosphere by passing air through a hard glass tube 

containing finely divided copper heated to redness. 

The copper takes up the oxygen, but the nitrogen 

passes forward and may be collected : — 

aCu + 4N2 +02= 2CuO + 4N2. 

Air. 
(5.) By heating ammonic nitrite : — 

N'OCN^H^O)' = N2 + 2OH2. 

Ammonic nitrite. 

Properties. — Nitrogen is a permanent gas, having 
neither colour, taste, nor smell. It is slightly lighter 
than air. It is not poisonous, but yet will not support 
respiration. It will not bum unless under ex- 
ceptional circumstances, nor yet will it support com- 
bustion. It is a remarkably inactive body, but many 
of its compounds have very active and striking qua- 
lities. It is estimated that six tons of air pass through 
a blast-furnace every hour. While the oxygen is most 
active in forming new compounds the nitrogen escapes 
imchanged. Its chi<;f function in the air is to modify 
the violent action of the oxygen, and render the 
atmosphere suitable to the wants of life. 
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The atmosphere, which is the great storehouse 
of nitrogen, is composed of a mixture of nitrogen and 
oxygen, with variable proportions of carbonic anhy- 
dride, aqueous vapour, and traces of ammonia, &c. 

The analysis of air may be effected in tiie fol- 
lowing manner: — Introduce, by means of a wire, 
into a graduated tube standing over water, a piece of 
phosphorus. The known quantity of air can be de- 
termined by observing the water point in the graduated 
tube. The arrangement should now be left for twenty- 
four hours. The whole of the oxygen will be absorbed 
by slow combination with the phosphorus. The re- 
maining gas may now be read off, which is nitrogen. 
Another plan is to mix air with excess of hydrogen in 
a graduated tube called a eudiometer^ and explode by 
an electric spark ; the hydrogen and oxygen combine, 
forming water, which condenses, and the remaining 
volume of gases is read off : the loss of bulk is due to 
the whole of the oxygen, plus twice as much hydro* 
gen ; and therefore the actual amount of oxygen can 
be ascertained by taking one- third of the loss ex- 
perienced by the mixed gases during the explosion. 
{See paragraph on the composition of gases,) The 
amount of oxygen may also be ascertained by the 
process given under the fourth mode of making 
nitrogen. The amount of moisture is ascertained by 
instruments called hygrometers^ and the carbonic 
anhydride by passing a known quantity of dry air 
through a bulb tube containing potassic hydrate, the 
tube being weighed both before and after the operation. 
The increase in weight gives the carbonic anhydride. 

The following is the average per-centage com- 
position of the atmosphere by volume :♦ — 

• Miller's Chemistry, vol, ii. 
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Nitrogen 77*95 

Oxygen 20*61 

Aqueous vapour (variable) .1*4 

Carbonic anhydride ... '04 

Nitric acid ] 

Ammonia > .... traces 

Marsh gas j 

Sulphuretted hydrogen ) 

Sulphurous anhydride /^e" towns traces 



lOO'OO 



When freed from moisture and carbonic anhydride, 
the following is its per-centage composition : — 

By weight. By volume. 

Nitrogen 769 79-1 

Oxygen . 23-1 209 

100 100 

We have already ' seen that animals withdraw 
oxygen from the atmosphere and pass into it carbonic 
anhydride ; on the other hand, plants remove carbonic 
anhydride from it by means of their leaves, and exhale 
oxygen. Thus the composition of the atmosphere is 
beautifully balanced, and it never varies in the open 
country. 

That the atmosphere is a mixture and not a com- 
pound is proved (i) by the fact that its density is the 
same as a mixture of the two gases in the same pro- 
portions as they are contained in the atmosphere, 
and (2) the mixture has all the properties of atmo- 
spheric air. 

Oxides and Ozy-acids of Nitrogen. 

We are acquainted with five distinct compounds of 

H 



nirrnftn with aiygsi ; cnii; af^aai^ 'iest^ 
tana w-id* by combiimig wiift wOTar ; — 



Ninons mads . 



Nitric anhydride 



OS. 

I BO 
iMO 

-"o 

(ho. 



Nitraiu acid . MOBo 

Nitric acid HC^Ho 

Thew compound* are a good iUnstiatkn of iri> 

called the law of cAemuai eom^natim n* mm 

frepertiens. It will be seen that die (»jgm i 

IdliiL'd in llicni is in the proportion oi the i 
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when inspired. It is prepared by heating moderately 
in a retort amnionic nitrate : 4 oz. of this salt produce 
I cubic foot of gas. It should be collected over warm 
water, or over water saturated with the ^as, and care 
should be taken that the salt is pure when the gas made 
from it is intended to be breathed. 

N^02(N^H,0) = 20Hj -h ON3. 
Nitrous oxide is a transparent and colourless gas, 
having a faint sweet taste. It supports combustion 
like oxygen, but it does not produce red fumes when 
mixed with nitric oxide, and it is much more soluble 
than oxygen in cold water. It is used by dentists and 
surgeons for producing insensibility to pain for a short 
time. Such substances are called anaesthetics. 

Nitric Ozide, iSo — The molecular volume of 

this gas does not accord with the law of Ampire^ for 
its molecule measures 4 volumes. It is probably a 
case of dissociation at a very low temperature. It 
may be prepared by introducing into a hydrogen 
apparatus some copper turnings, a little water, and 
nitric acid, added by the funnel. This gas may be 
collected over water. This reaction may best be 
viewed in this way : — 

(i.) Three atoms of copper replace six atoms of 
hydrogen, thus : — 

(NO, 
eUOjHo + sCu = 3 1 Cuo" + 3H„. 

(no. 

Nitric acid. Cupric nitxate. 

(2.) The nascent hydrogen acts on nitric acid 
thus :— 

3H, + 2NO2H0 = 40Hs -h { Jq. 

Nitric acid. Nitric oxide. 
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The complete change may be expressed in one 
equation, thus : — 

8NO,Ho + 3Cu = 3 j Cuo* + | gg + ^QHt 

The gas obtained in this manner is colourless and 
transparent ; but in contact with air or oxygen it pro- 
duces deep red fumes, which are sufficient to distinguisli 
it from all other gases. A very pretty experiment raay 
be made thus : — Nearly fill a glass cylinder with nitric 
oxide over water, and by its side fill another smaller 
cylinder with oxygen. Then allow a few bubbles of 
oxygen to pass into the cylinder containing the nitric 
oxide. Deep red fumes immediately appear from the 
formation of nitrous anhydride and nitric peroxide. 
These, however, gradually disappear, being absorbed 
by the water. Pass a few more bubbles, and the same 
phenomenon will be repeated, till at last the whole 
cylinder will be filled with water. This gas performs 
the important part of a carrier of oxygen in the manu- 
facture of sulphuric acid, 

A mixture of nitric oxide and carbonic dtsulphide 
vapour bums with a brilliant white light. 
tNO 
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jT ^de. Liquid nitrous anhydride boils at o*^ C, 
emitting orange-red fumes. 

Nitrous Peroxide, s ^q^ called also nitrous gas, 

has a normal molecular volume at o° C, but it is 
anomalous (4 volumes) at 100° C. : the gas evidently 
suffers dissociation between these temperatures, and 
it may be fairly assumed that nitric oxide dissociates 
at a still lower temperature, otherwise this body will 
be an exception to important laws which are appa- 
rently absolute. 

It is prepared by heating plumbic nitrate in a hard 
glass retort : — 

aNaO^Pbo*' = 2EbO + 2N2O4 + Og. 

Plumbic nitrate. Nitric peroxide. 

Nitric peroxide at ordinary temperatures is a deep 
brownish red gas, ha^^ing a suffocating odour. It 
is soluble in water, and converts metallic hydrates and 
oxides into a mixture of nitrates and nitrites. It has 
neither acid nor basic properties. 



(NO, 
, ^ O , IS pr 

(no, 



Nitric Anhydride, <0 , is prepared by passing 

I NO, 

dry chlorine gas over dried argentic nitrate heated to 
95® C. ; the anhydride is condensed by a freezing 
mixture : — 

4N02Ago + 2CI2 = 4AgCl -h 2ir^05 + Oj, 

Argentic Nitnc 

nitrate. anhydride. 

It is a very unstable white crystalline substance. 

Nitrous Acid, NOHo, results from the action of 
water on nitrous anhydride. It forms nitrites with 
oxides and hydrates. 

Potassic nitrite is made by heating nitre to redness. 
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ITitrites are frequently found in water whidi has bett 
contaminated with sewage, &c. 
Nitrio Acid, MUjHo, known as aquaferHt, is 




one of the most important compounds of nitrogen. 
In hot dry climates the soil is sometimes covered 
with a white, downy-looking salt. When this salt is 
collected, dissolved, filtered, and ciystallized, it pro- 
duces the ttitr f OT saJifiefre of commerce : it is potassic 
nitrate. To obtain nitric acid from this salt, mix it 
with half its weight of sulphuric acid in a glass r 




NITRIC ACID. 103 

part of the nitric acid, and in practice is very liable to 
injure the retorts. It is therefore customary to use 
only half this quantity of nitre, when the decompo- 
sition is as follows : — 

NO2K0 -f SOjHoj = NOjHo -f SOaHoKo. 

Potassic nitrate. Nitric acid. Hydric-potassic 

sulphate. 

In this case only half the hydrogen of the sulphuric 
acid is replaced, and the temperature required is 
much lower. 

On a large scale iron retorts and earthenware con- 
densing vessels are used, and sodic nitrate substituted 
for potassic nitrate. The iron retort is protected from 
the action of the acid by lining it with thin fire-bricks. 

Pure nitric acid is a colourless liquid. It fumes 
when exposed to air. It is partially decomposed by 
light It is intensely acid, and reddens vegetable 
blues. It stains the skin and nails yellow. It is used 
for assaying, and as a solvent for tin in calico-printing. 
It is a powerful oxidizing agent, attacking most of the 
metals with great violence. 

It forms nitrates with bases, nearly all of which are 
soluble in water. Mixed with hydrochloric acid it 
forms aqua regia. All the metals except gold and 
plantinum, and a few rare ones, attack nitric acid. The 
metals have a different action upon nitric acid from 
what they have on such acids as sulphuric and hydro- 
chloric The metals no doubt displace hydrogen 
from one portion of the nitric acid, but the nascent 
hydrogen reduces or removes oxygen from another 
portion. Different metals act very differently on 
nitric acid, for although the nitrate of the metal 
is usually produced, yet the secondary products of 
nitrogen vary : thus, nitric acid yields nitrous oxide, 
nitric oxide, nitrous anhydride, and nitric peroxide. 
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when acted on by zinc, copper or mercury, silver, and 
tin respectively. 

Nitric acid produces substitution compounds of 
great utility, such as gun-cotton^ nitro-glycerine^ nitro- 
bmzol^ and picric acid. It is the most important 
oxidizing agent the chemist possesses. It converts 
ferrous into ferric salts, stannous into stannic, and 
arsenious into arsenic salts. 

Tests. — I. Nitric acid, or a solution of a nitrate 
mixed with sulphuric acid, turns brown when a strong 
solution of ferrous sulphate is mixed with it. 

2. Copper filings and strong sulphuric acid heated 
in a test-tube with a nitrate, liberate nitric oxide, 
recognised by forming red fumes of nitric peroxide 
in the upper part of the tube. 

3. Solution of indigo boiled with HCl and a nitrate 
is decolourized. 



Compounds of Nitrogen with Hydrogen. 

Ammonia, W^^- — This is the only compound 
of nitrogen and hydrogen which has been isolated. 
It is one of the products of the decomposition of 
animal matters and vegetables containing nitrogen, 
and is therefore found in the atmosphere ; it is brought 
down by rain, and plays a very important part in the 
nourishment of plants, which derive most of their 
nitrogen from this source. 

Preparation.—!. Ammonic chloride (sal ammo- 
niac), NH4CI, is heated in a flask with quicklime, 
and the evolved gas is collected over mercury in 
a small pneumatic trough, or if a solution be required 
it is passed directly into water, in which it is very 
soluble : — 
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aVHjCl + CaO = CaCU. + aNH, + on. 

Amnionic Calcic Calcic Ammonia, 

chloride. oxide. chloride. 

The principal part of the ammonia now manu- 
factured is obtained from gas iiquory a by-product 
in the manufacture of coal gas, containing carbonate, 
sulphide, and other ammoniacal salts. The liquor is 
mixed with lime, and distilled in large iron retorts 
or boilers : the distillate is very impure, and requires 
to be distilled a second time with lime, the gaseous 
product being passed through a lime box purifier, and 
then into water, which is thus converted into ammonic 
hydrate {liquid ammonia)^ NH4H0 (=AmHo). 

The gaseous products of the first distillation are 
converted into ammonic sulphate, a very useful salt, 
by passing them directly into sulphuric acid. The 
sulphate crystallizes, and is fished out from time 
to time with perforated shovels. 

Ammonic sulphate is largely used as a manure, also 
in the manufacture of ammonic carbonate and chloride, 
and also as a cheap substitute for ammonic chloride 
in the manufacture of ammonic hydrate : — 

SOjAmoj -h CaHo, = SOjCao*' -h 2AmHo. 

Ammonic Slaked. Calcic Ammonic 

sulphate. lime. sulphate. hydrate. 

2. Organic compounds containing nitrogen, such 
as bones and animal refuse, when heated with alkaline 
hydrates, or soda limey yield all their nitrogen as ammo- 
nia. When submitted to destructive distillation in a 
closed vessel they yield ammonia, and some ammonic 
salts. 

Properties. — The gas has a molecular weight 
of 17, and its molecular volume is normal, i litre 
weighs 8*5 criths. It liquefies under great pressure, 
the liquid producing great cold by its evaporation, as 
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it t>ttls at — 3S'5°C. It is a colocrless and transpoimt 
K-t*. having an extremely powerful and characteristic 
otiour. Al o' C. water dissolves 1,050 times its own 
\-ulume of the gas, and at 35° C. 580 times its Ttdome. 
The amnionic hydrate thus produced is lighter than 
walcT : the strongest sold in the shops has a sp. g^. 

Anunonia was called by the alchemists spirits oi 
hartshorn, because it was obtained by the distillation 
of deers' homs in close vessels. It is sometimes 
calleil the volatile alkali. 

Ammonia is a powerful base ; it combines with and 
neutraliics the strongest acids, forming thereby com- 
poun<)s known as ammonic salts, thus : — 

N"H» + HCI = N'^H.Cl (=AmCl). 

chloiide. 
jNII, + so Ho, = SO.Amo,. 
AmmoDic 
sulphate. 
NH, + NO.Ho= NO,Amo. 
Ammonic 
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and sodium. It forms an amalgam with mercury, 
having metallic lustre, and all the physical characters 
of any other amalgam ; on this account it is regarded 
as a metal by some chemists. 

Ammonium ama^am is most readily obtained by 
warming a small quantity of mercury in a test-tube, 
and dropping in small bits of metallic sodium. The 
two metals will coalesce with great evolution of heat 
and a vivid light The sodium amalgam, while still 
hot and fluid, should be poured on a stone or iron 
slab : it will soon solidify, and if a piece of it be put 
into solution of ammonic chloride the following re- 
action will take place : — 

Hg,Na, + j^NH^Cl = Hg^NH,), + j/NaCl. 

Sodium Ammonium 

amalgam. amalgam. 

The ammonium amalgam thus formed swells out 
enormously, but readily breaks up into ammonia, 
hydrogen, and mercury. 

Ammonium forms Uie compound basylous element 
in all ammonic salts. 

Ammonic Chloride (Sal Ammoniac), AmCl 

or NH4CI, is prepared from gas or bone liquor. The 
solution is treated with a slight excess of hydro- 
chloric acid, HCl, by which the ammonic carbonate, 
COAmOj, and ammonic sulphide, SAmj, always pre- 
sent in these liquids, are decomposed, with evolution 
of carbonic anhydride,C02,and sulphuretted hydrogen, 
SHg. The liquid is evaporated to dryness, and the 
salt carefully heated, to expel the tarry matter with 
which it is associated. It is then purified by sub- 
limation in iron vessels lined with clay and covered 
with domes of lead. This salt is sublimed without 
decomposition. Ammonic chloride forms double 
salts with the chlorides of magnesium, nickel, cobalt. 
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zinc, copper, manganese, and platinum ; forming 
(MgCl2,2NH4Cl); (NiCl2,2NH^Cl) ; (CoCaNH^Cl); 
&c. ; (PtCl4,2NH4Cl). The sal-ammoniacum of the 
Romans was ammonic chloride, and was obtained as 
a natural product from a district in Libya. 

Amnionic Sulphate, SOjAmoj, or SO,(NH40y2. 

— The manufacture of this important article ontiie 
large scale has already been described (p. 105). A 
purer substance may be obtained by neutralizing 
ammonic carbonate, COAmoj, with sulphuric acid. 
The salt is soluble in two parts of cold water, and 
crystallizes in long six-sided prisms, which lose an 
atom of water when heated. Ammonic sulphate is 
entirely decomposed by ignition ; and by long boiling 
with water, ammonia is volatilized, and the liquid 
rendered acid. 

Ammonic Carbonates. — DeviUe states that there 

exist only two of these carbonates, although it has 
long been supposed that there are a considerable 
number, i. Hydric-ammonic carbonate, COHoAmo 
(bicarbonate of ammonia). This salt is obtained by 
saturating ammonic hydrate with carbonic anhydride. 
The sesquicarbonate when exposed to the air gra- 
dually loses carbonic anhydride, and is transformed 
into this salt. 2. Ammonic carbonate (sal volatile), 
COAmog, has not been obtained in the solid state. 

Commercial ammonic carbonate, called sesqui- 
carbonate of ammonia, contains the elements of two 
molecules of ( i) and one molecule of (2). It is there- 
fore a mixture of the two kinds (2COHoAmo + 
COAmoa). It is prepared by heating to redness in 
a retort a mixture of two parts of ammonic chloride 
and one part of chalk. The salt sublimes, and is 
condensed in a receiver which is luted to the retort. 

Ammonic Nitrate, MOgAmo, is prepared by 
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less soluble ; the ^cid Uttrate, and the double chloride 
of ammonium and platinum, being the least so. They 
therefore give, with platinic chloride and with tartaric 
acid, the same reactions as potassium salts. The 
precipitates are similar in constitution. 

Ammonia may be recognised with certainty in the 
presence of all other bodies by its being aet free, in 
a gaseous state, by the action of any of the caustic 
alkalies or alkaline earths (lime, CaHog, is the best 
for this purpose) ; by its odour, and the white fumea 
produced when a glass rod moistened with hydro- 
chloric acid, HCl (not fuming acid), is brought near 
the compound acted on as above. 

When a solution of mercuric iodide in pot&ssic 
iodide (Nessler's test) is added to a solution contain- 
ing an ammoniacal salt or free ammonia, to which 
caustic potash has been added, a brown precipitate 
or coloration is produced : this is by far the most 
deUcate test for ammonia. 

NH, + iHgl, = HHg,I + 3HI. 

Ammania. Mercunc Dimercunc- HjnlHodiG 
iodide. am manic acid. 
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In the preparation of the elementary and compound 
bodies which have already been described, the student 
will have noticed that the results were obtained by 
distinct chemical processes. Dr. Frankland reduces 
the number of these processes to five, and calls them 
mad€s of chemical action. Every chemical change of 
matter may be referred to one or other of these five 
modes of action : — 

1. A direct combination of elements or compounds 
with each other. 

2. A displacement of one element or compound 
radical in a body by another element or compound 
radical. 

3. A mutual exchange of elements or compound 
radicals in two or more bodies. 

4. A rearrangement of the elements or compound 
radicals already contained in a body. 

5. The resolution of a compound into its elements, 
or into two or more less complex compounds. 

The combustion of the metals in oxygen and 
chlorine are good examples of the first mode. The 
preparation of hydrogen, by acting on an acid with 
a metal, are instances of the second mode. The third 
mode is illustrated by the production of a salt by an 
acid acting on a base. There are no good illustra- 
tions in inorganic chemistry of the fourth mode ; with 
the exception, perhaps, of the preparation of ozone. 
The preparation of oxygen from mercuric oxide and 
potassic chlorate, and the decomposition of water and 
hydrochloric acid by the galvanic current, are good 
examples of the fifth mode of chemical action. 
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lof a bent 

— It- doaeA at one end and 

odia^as sbmra at A, 

el r--i : r, Tbc dosed arm is gra- 
'^ I c^iaiil, :..- - hastwwplatmnmirireB 
f^'s^i ;-.:. tbe gtass, on opposite 
s^cs 92' 'Ji^ tnbc, in snch a manrer 
as to leave a space of about onc- 
, tenth ol £ti inch between their 
I points iat the passage of an electric 
spark. Tuc graduated arm is 
, ^ usually capableof containing about 
'■<^^ 40 cubic centimetres (about a's 
Cw., J*. cubic inches). 

CompoBition of the Atmosphere.— This is 

V«y reatlily ascertained by Ure's eudiometer : — About 
SO t.t. wf air dhould be secured in the arm b by 
pouring mercury into a, closing the top by the thumb, 
unJ tipping the instrument so as to allow bubbles 
m CNCUlio from b into a till the required quantity 
raiimliii. 1'l)c next thing is to read off accurately the 
fihiguiil gf iiir thus confined. To do so the mercury 
hIuhiUI be nuulc to stand at the same height in each 
Hflll t llilN ii itci'onititiHhud by pouring mercury into a, 
or witlulrnvvinjj it by thrustintj a rod into this arm, as 
llie i'Hhc tuny require. Having read off the exact 
illU«um \\t air (»«■ ii'S t.c.), fill Ihe arm a with mer- 
>'Ut)'i (titO i^Hrtftilly rlonlng its «nd with the thumb,. 
wwiW \\ lit lite mvn'iirinl liough, ind introduce an 
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excess of hydrogen* (say about lo c.c). Again close 
the open end with the thumb, and pass all the gases 
to the closed arm ; level the mercury, and read off the 
total volume of ihe mixed gases (say 31*5). Mercur)' 
should, if necessary, be poured into a until the dis- 
tance from its surface to the top of the arm is about 
equal to the distance from the surface of mercury in 
h to the bend of the tube. This will prevent any 
gas passing the bend during the explosion. Firmly 
close the top a by the thumb, and pass an electric 
spark between the platinum wires. The air confined 
by the thumb will serve as a cushion to moderate the 
bursting effect of the explosion. AAcr cooling the 
mercury must again be levelled, and the residuary 
gases read off (say iS'i^ 

Cakulation, — Loss by explosion = 31*5 — 18* i 
= 13*4. This loss is due to the formation of water 
by the union of hydrogen and oxygen ; and as it has 
been explained that two volumes of hydrogen unite 
with one volume of oxygen, therefore one-third of 
this loss must have been the quantity of oxygen in 
the amount of air operated upon : — 

Amount of O in 21*5 c.c. of air = — — = 446 c.c. 

The per-centage composition is thus found : — 

As 21*5 : 100 : : 4*46 : x. Therefore x = 2074. 
Per-centage ol oxygen = 2074 
„ nitrogen = 7 9 2 6 



lOO'OO 



♦ By excess is meant more than enough for the purpose for 
which it is required, viz., to unite with the oxygen. 21-5 c.c 
of air contain about 43 c.c. of oxygen, which will unite with 
8*6 c.c of hvdrogen; 10 cc. is therefore an excess. 



4 



-. :• m CLBKBccs or txokG&xic cheuistrv. 

flllliyiil II iMi «f Watar.— This has been proved 
saftSociJrf ^T etK^zv^il decompoaation, but it itmy 
«lib- l« TPiwRi .TtnffiiOMOL.^ by d»e eudiometer. 

Fine U'T^nract iivc^ S cc of oxygen and read off 
aoctma-'v . u>£t «3i »or dun double this amount 
ts t-v^^j^arr^ xni JSiVRaia the total quantity of mixed 
{sses. f^roaoe. co>3L aa>i icad off the residue, which 

Ain^tcr: a oXT^et ;sevl , = 8-5 cc. 

Res.^hui: H Jk^sT explosSon =■ ag „ 
Lass ^y ii-pyMJoc . T = 85-5 „ 
Bk Tfc* ji» .Jw to oxygen . . = 8-5 

TbtsKOK i3ss ^ac to H = 55-5 — 8-5 = 17 
Henoe 1; co 01' H vaiie with $-5 cc of O, <» 
tva vo^-3ie£ o: h«iIrogen vzate with one volume of 
oxyigea to Mna wjitw. 

To prow tAU these ^u«« volumes form only two of 
wuei x^apouf , Ott whole a{))uruus may be pl&ced in 
an oil bath, hinag a tempenture abo^'e 100" C- 
After conections tor temperature, which will be ex- 
1 lunher oti. iae hoo-mh of ibis vapour will be 
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this assists its introduction^ and also prevents the 
escape of the confined gas. 

The sodium of the amalgam readily acts on the 
hydrochloric add gas, liberating pure hydrogen. Only 
a portion of the amalgam must be allowed to enter, 
or the air will rush in and spoil the experiment. When 
the action is completed it will be found that one half 
the original volume of gas remains, and that it is pure 
hydrogen : therefore two volumes of 1AC\ contain one 
volwne of H. It only remains to be proved that these 
two volumes contain one volume of chlorine. The 
gases cannot be mixed and exploded, because chlorine 
attacks mercury and is soluble in water. 

Take a solution of HCl and thoroughly saturate 
it with chlorine gas, then subject the liquid to the 
action of an electric current. Allow the action to 
proceed some time, then collect the gases in separate 
tubes. It will be found that H and CI come off in 
equal volumes. 

Therefore in the original experiment the two volumes 
of hydrochloric acid gas contained one volume of hy- 
drogen and one volume of chlorine. 

Hydrobromic and hydriodic acids may also be 
experimented on in the eudiometer, as described 
above. • 

Composition of Ammonia Gas.—^The con- 
stituent gases of ammonia refuse to unite directly , and 
neither c^ them can be conveniently withdrawn, as in 
the case of hydrochloric acid gas. A different method 
is therefore adopted. 

Take a graduated tube, about 18 inches or 2 feet 
long, fill it with chlorine gas, and invert it in a deep 
vessel containing solution of ammonia. On shaking 
the tube up and down rapid absorption takes place, 
till a gas remains^ occupying one-thurd the volume of 
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the chlorine. Ezaminatioii proves this gas to be 
pure nitrogen. (See the action of CI on solution 
of ammonia, page 94.) In this experiment three 
volumes of chlorine were required to liberate one 
volume of nitrogen, and we know that each volume 
of this chlorine united with orte volume of hjrdrogen ; 
therefore the three volumes of chlorine united with 
tkrte volumes of hydrogen, and by so doing liberated 
m; volume of nitrogen from its combination with the 
hydrogen : hence one volume of nitrogen unites with 
three volumes of hydrogen to form ammonia. 

We have already seen that two volumes of ammonia 
gas break up into one volume of nitrogen and three 
of hydrogen, under the influence of powerful electric 
sparks. 



INFLUENCE OF TEMPERATURE AND 
PRESSURE ON THE VOLUMES OF GASES. 
Teinper&tiire. — Nearly all bodies expand or in- 
crease in bulk when heated. Gases and vapours expand 
much more than either liquids or solids. The amount 
of expansion baa been carefully ascertained, and it is 
found to be the same for all g 
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efficient of expansion, and the co-efficient is the same 
under all pressures. 

As the co-efficient is calculated from the volume of 
the gas at zero (o® C), this is called the normal or 
standard temperature. 

The following examples will illustrate the use of 
the co-efficient in calculations of gaseous volumes : — 

273 litres of gas at o°C., if raised to— 

I** C. will measure 274 litres (= 273 + ttt of 273^. 

2** C. „ 275 „ (= 273 + Tfrof 273). 

3* C. „ 276 „ (= 273 + ijfiof 273). 

10 C. „ 283 „ (= 273 + ,Wof 273). 

And if reduced to — 

- 1® C. will measure 272 litres (= 273 - tJ^i of 273^. 

-2 C. „ 271 „ (=273- a?7 0f273). 

- 2o« C. „ 253 „ (= 273 - ^f\ of 273). 

It will readily be seen that the above data may be 
used in calculations of changes of volume. 

Example i. — 100 litres of gas are measured off at 
o® C. : what will they measure when the temperature 
is raised to 50* C. ? 

The volume will evidently bear the same relation 
to 100 that 273 + WV of 273 does to 273. 

At o^ At 50". Litres at o". Litres at 50". 

. • . as 273 ; 323 : : 100 ; a* 

^ _ 323_x_ioo ^ 1 18.31 j^o of litres at $0^ C. 
273 
Example 2. — 100 litres of gas are measured oflf at 
50® C. : what will they measure if reduced to 20* C. ? 

Vol. at 50». Vol. at 20». Litres at 5o'. Litres at 20*. 

As 273 -♦- 50 : 273 + 20 : : xoo : x 



I or nrouukinc amu3Ti.Y, 



jt =s -^^rjT = 90-71 Na of litres at ao'C 

Exemfle j. — 50 Utres of gas are measured off at 
30° C. : what irill they measure if the temperature be 
reduced to - ao' C ? 

Vd. M 30*. VoLal-att*. Litmatjo*. litres M- 30^. 
As 373 + 30 ; 273 - »o : : 50 : x 

jf c: '?3 " §° — 41-74 No. of litres at — so". 

Tlie drives of tempenture employed in this bode 
are thoseof the Centigrade thermometerbut inEnglaod 
temperanire is veiT|- frequently given in degrees Fahren- 
heit, and in some ContinenUl countries in those of 
Reaumur ; it is therefore necessary that the student 
^ould be able to convert the degrees of one scale into 
those of another : for this purpose the following equa- 
tions K-ill assist him :— 
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Example 5.— Convert 14* F. into degrees Centi* 
grade. 

C. «s(£4:i3i) «::^«.,o*c. 

9 9 . 

The student should not neglect to take the minus 
sign into account in examples like No. 5. 

Pressure. — The volume of a gas alters with every 
change of external pressure which it experiences ; the 
amount of such change is a constant quantity, and is 
alwa3rs calculated by the law of Boyle and MariottCy 
which States that ^ the volume of a gas is inversely as 
the pressure which it sustains, if the temperature re* 
main the same." 

The normal ox standard pressure is that of a column 
of mercury measuring 760 millimetres. The mercurial 
barometer is the instrument used to determine this 
and all other pressures in calculations of gaseous 
volumes. 

The following examples will serve to illustrate the 
mode of applying Boyle and Mariotte*s law for the 
calculations of gaseous volumes :— 

Example 6. — 100 litres of gas are measured off at 
the normal pressure : what will they measure if the 
pressure be reduced to 750 m.m., the temperature 
remaining the same ? 

The volume will be inversely as the pressure. 

M.m. M.m. Lit. at 760 m.m. Lit. at 750 m.m. 

.'.As 750 : 760 :" : 100 : x 

760 X 100 ,.^ 

X = i = ioi'3 htres at 750 m.m. 

When there is a change both in the temperature 
and pressure, the resulting volume may be arrived at 
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cither by calculating for the tempeiature first and f( 
the pressure aiterwards, or both together. 

ExampU 7. — 100 litres of gas are measured off a 
30* C. and 765 m.m. pressure : what will they measun 
at the Qonnal temperature and pressure ? 

«30-. .to-. "30-. p,S;^ 

Correction for I 
-.ooperature }»" + 30:»;3 : : .00 , , 

Litres at litres at <f 
0° and and 762 m.m. 
765 m.m. pressure- 
Correction for 1 c i. • 
pressure } 760:765 == ^ = * 

303 700 ^o ^, ^^ ^^^ jjjjjj 

pressure. 
The Crith.— This is the name which Dr. Hof- 
mann has given to the weight of a. litre of hydrogen 
at the normal temperature and p ressure 
standard unit of voJui 
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Example 8. — ^What is the weight of 50 litres of 
nitrogen at the normal temperature and pressure ? 

Grammes. 

I litre of nitrogen weighs 14 criths = 14 x '0896 

Grammes. 
.•.50 litres do. 50 x 14 criths = 50 x 

14 X '0896 = 6*272 grammes. 

Example 9. — How many litres will 50 grammes of 
oxygen measure at the normal temperature and pres- 

aire? 

Grammes of Grammes of ^itre. Litres, 

oxygen. oxygen. 

As 16 X '0896 : 50 \ \ \ : X 

50 

X = = 34*87 No. of litres of oxygen. 

16 X -0896 

The densities of all compound gases are equal to 
half their molecular weights. This arises from the 
fgict that all molecules at the same temperature and 
pressure occupy the same volume, and that this volume 
is equal to two volumes of hydrogen. One volume of 
hydrogen is the unit for comparison of densities, and 
therefore one volume only of the compound must be 
weighed for its density, but this one volume is half 
the molecule. 

Density of HCl = ^ "^ ^^'^ = 18-25 

_ -^__ . . 16 + 2 

Do. OH2 (vapour) = = 9 

Do. NHs = ^^^ = 8-5 

And converting these densities into criths, we 
have — 
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I litre of HCl gas . iS-35 criths. 

> » 0H| (vapoui) . . 9 „ 

I . HHs ■ . ■ 8-5 » 
The weight, therefore, of a litre of any compound 
gas or vapour is equal to half the molecular we^ht in 
criths. 

Example 10. — What is the weight of 10 litres of 
bydrabromic acid gas at the nonoal tempentuie and 
pressure? 

Weight of I litre of HBr = ' = 40-5 criths. 

„ lo'litrea „ = 405 k iq „ 

And 1 crith = '0896 gramme. 

Gmmmes, 
. ■ . 40-5 >i 10 criths = -0896 x 40-5 x 10 ^ 36288. 
Example ii.— How TDany litres of HCl gas at the 
normal temperature and pressure can be obtained by 
acting on TOO grammes of sodic chloride with sul- 
phuric acid ? 

The reaction is shown by the following equation : — 
aNaCl + SOjHo, = aHCl + 80,Naor 
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Grammes HCL Grammes HCL Litre. Litres. 
.'.As 1825 X -0896 : 62*39 '/: 1 : X 

X = -- — ^^^ =: 38'i5 litres of hydrochloric 

1825 X .0896 ^^y ^^ 

Dr. Williamson has adopted a different standard 
volume, which may be used with advantage in many 
calculations. It is the volume occupied by i gramme 
of hydrogen at o® C. and 760 m.m., which equals 1 1 "19 
litres. The same space is occupied by 35 5 grammes 
of chlorine, 16 grammes of oxygen, 14 grammes of 
nitrogen, 8 5 grammes of ammonia gas, and 18*25 of 
hydrochloric acid. 

By this standard the 62*39 grammes of HCl can be 
converted into litres as follows : — 

Gram. HCl. Gram. HCl. Litres. Litres. 
As 1825 : 62*39 : : 11*19 • ^ 

X = ^^'3? ^ "19 ^ 38-25 No. of Utres of HCL 
18*25 ^^ 

The two results are not exactly the same, because 
1 1*19 litres is not the exact measurement of i gramme 
of hydrogen, and *o896 is not the exact weight of a 
litre of hydrogen, but the results approximate suffi- 
ciently for all practical purposes. 

Hexad Elements. 

Sulphur— Sg. 

Atomic weight and sp. gr. of vapour, 32. Molecular weight, 
64. Molecular volume, normal at 1000^ hvA only one-third ojf 
the normal molecular volume at temperatures near its boiling 
point I litre of its vapour weighs 32 criths. Atomicity, VL, 
IV., and II. 

Occurrence in Nature.— Much of the sulphur 

employed in this country comes from Sicily and other 
volcanic districts, where it is met with in the free or 
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tmcombined state. In combination with iron, anti- 
mony, zinc, lead, copper, and other metals, as sul- 
phides, it occun abundantly in nature ; in union with 
oxygen it is found combined with calcium, barium, 
strontium, &c, as sulphates ; it is present in small 
quantities in all animal and vegetable substances. It 
exists in the albumen of eggs. The blackening of 
silver spoons used with eggs is owing to the formation 
of the sulphide of silver. 

Properties.— At ordinary temperatures this ele- 
ment is a pale yellow crystalline solid. 

Sulphur melts at iio" C, becoming a thin amber- 
coloured liquid ; when heated to 220" it thickens like 
treacle. In this state it may be poured from a flask 
into cold water, T/hen it retains for some time a soft, 
flexible condition, like gutta-percha ; this is the amor- 
phous condition of sulphur. If it be raised to a tcm 
perature of 420° it boils ; and if the vapour be con- 
ducted into a cold chamber it condenses in crystals 
known as mhlimed sulphur, or flowers of su/fiAur. 
The roll sulphur a\ brimstoruoi commerce is formed by 
running it when in a melted state into wooden moulds. 

Sulphur is readily inflammable, taking fire when 
heated to about 240"; it bums with a blue flame. 
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In these sulphides the sulphur is almost always adiad. 
Sulphur assumes several allotropic forms, of which 
the following are the principal : — 

1. Octahedral crystals, as in native sulphur, and by 
evaporating solution of sulphur in carbonic disulphide. 
This form is soluble in carbonic disulphide. 

2. Prismatic crystals, as in roll sulphur. 

3. Plastic or amorphous, prepared as stated above ; 
it is insoluble in carbonic disulphide. 

4. Powder of a yellow or orange colour, also inso- 
luble in carbonic disulphide. 

Sulphur is used extensively in the manufacture of 
gunpowder, matches, and sulphuric and sulphurous 
acids ; also in medicine. 

Compounds of Sulphur with Basylous 

Elements. 

Sulphuretted Hydrogen, or Hydrosulphuric 

Acid, SHg, is a gas which is evolved from volcanoes, 
and is found in solution in spa waters, such as those 
at Harrogate, and in waters which contain both 
organic matter and sulphates. It is a constant pro- 
duct of the decay of animal and vegetable matter. 

Preparation. — i. It is usually prepared by acting 
on ferrous sulphide with dilute sulphuric acid : — 

FeS + SO2H02 = SHg + SOgFeo". 

The gas is liberated without heat, and 
an ordinary gas bottle {Fig, 11) maybe 
used. It should be collected over warm 
water. A solution of the gas may be 
prepared by passing it into cold water 
(Fig. 12), contained in a bottle, which 
should be only half full. The bottle 
should be closed with a stopper from ^*°' "• 
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time to time, and the contents well shaken up. In 
this manner the water becomes more quickly saturated 
with the gas. 

Hydrochloric acid may be substituted 

for the sulphunc in this process, but it 
docs not answer so well. 

The ferrous sulphide is made hy 

holding a roll of sulphur in contact with 

a piece of wrought iron heated to a 

f white heat ; the fluid sulphide should 

be allowed to drop into a bowl of water. 

""^ "■ It may also be prepared by projecting 

a mixture of iron borings and powdered sulphur into 

a red-hot fireclay crucible, in small portions at a time. 

2. Antimontous sulphide is heated with strong 
hydrochloric acid in a gas bottle (J-'i^. ii) : — 

SbA + 6HC1 = iSbCla -h 3SHj. 
The gas obtained by this process is pure. 

3. By heating sulphur in hydrogen gas. 
Properties.— Sulpliurettcd hydrogen, at the com- 

mon temperature, is a transparent colourless j 
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Watei^ at the ordinary temperature, dissolves from 
two to three times its own volume of this gas ; the 
solution is used as a test. It soon spoils by absorp- 
tion of oxygen, and is best prepared as wanted. The 
gas has the properties of an acid, reddens litmus, 
and is called hydrosulphuric acid. A piece of white 
blotting-paper dipped in a solution of plumbic acetate 
(sugar of lead) is immediately blackened by the 
smallest trace of this gas. This method is frequently 
adopted to test the purity of coal gas. "Silversmiths 
usually bum their gas outside, owing to the sulphuretted 
hydrogen, usually present in small quantities in coal 
gas, blackening the silver by the union of the sulphur 

with that metal. Its specific gravity is ^ ■ = 17. 

One litre of it therefore weighs 17 criths. Its mole- 
cular volume is normal. 

Uses. — Sulphuretted hydrogen is invaluable to the 
analyst as a general or group reagent. It precipitates 
the following metals as sulphides fh)m acid solutions 
of any of their salts : — Pb, Cu, Bi, Cd, Hg, Sn, Sb, Au, 
and Pt; and the following metals from solutions of 
their salts previously made alkaline by addition of 
ammonic hydrate : — Fe, Co, Ni, Mn, and Zn as sul- 
phides, Cr and Al as hydrates. Some of the metals 
can be recognised at once by the colour of the pre- 
cipitated sulphide. 

The following equations will illustrate the action of 
the reagent : — 

SO2CU0'' + SH2 = SO2H02 + CuS. 

Cupric Sulphuretted Sulphuric Cupnc 
sulphate. hydrogen. acid. sulphide. 

aBiClj + 3SH2 = 6HC1 + BijS,. 

Bismuthous Bismuthous 

chloride. sulphide. 
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SOjFeo' + aAmHo + SH,=SOjAmo, + FeS + aQHj. 

Fernnu Anuncoic Ammomc Ferrous 

nlphiie. hyiiiale. sulphate, sulphide. 

Sulphuretted bydn^en acts as a reducing agent id 
some cases ; the following is a bmiliar example : — 
aTe"'.Cl4 + sSH, = 4Fe'CI, + 4HCI + S^ 

chloride. cUoHde. 

Hydrosolpfayl, StH^ or Hs^ (persulphide of hy- 
drogen). — liiis subsOnce is prepared by mixing a 
solution of caldc disolphide with HCl : — 

Cas, + 2HCI = S,H, + CaCU- 

It is the analogue of bydioxyl, and performs the 
same functions in sulpbydtates that hydroxyl does in 
hydrates, t. g. .- — 
^ndc bydiate, ZqHoj ; zincic sulpbydrate, ZllHs^ 

Carbonic Sisnlphide, CSV— This substance is 
also known as biiu/pkide 0/ eariwn. It is a heavy 
volatile liquid, boiling at 45*, and having a sp. gr. of 

The molecular volume of its vapour is normal 
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by passing the vapour of sulphur through an iron 

cylinder containing charcoal heated to redness. The 

gaseous product is passed into, a well-cooled con- 
denser, where it liquefies : — 

C + S = CSg. 

Compounds of Sulphur with Oxygen and 

Hydroxyl. 

These compounds are somewhat nutnerous, and 
some of them are of great importance in the arts. 

Sulphurous Anhydride, S'^'Oo.— This com- 

pound may be prepared in a variety of ways. 
I. By burning sulphur in air or oxygen : — 

S2 + 2O2 = 2SO2. 

a. By reducing sulphuric acid with copper, mercury, 
or charcoal:— 

2SO2H02 + Cu = SOXuo" + 2OH2 + SOg. 
2SO2H02 + C = 2OH2 + 2SO2 + COj. 

The real reducing agent in the first of these examples 
is the nascent hydrogen displaced by the copper. 
Process 2 is conducted in a gas bottle {Fig, 11). The 
gas must be collected over mercury or by displace- 
ment, as it is soluble in water. 

Properties. — A transparent, colourless gas, having 
the suffocating odour of burning sulphur. It liquefies 
at — 10", or under a pressure of two atmospheres at 
ordinary temperatures. The rapid evaporation of the 
liquid produces great cold. Water at 0° absorbs and 
combines with 69 times its volume of this gas, pro- 
ducing a solution of sulphurous acid : — 

OH2 + SO2 = SOH02. 

Sulphurous Acid. 

K 
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The gas passed into water in which metalli 
hjrdrates or carbonates are dissolved or suspcndei 
converts them into sulphites ; e,g., — 

ONaH + SOj = SOHoNao. 
Hydric-sodic 

COCao' + SOj = SOCao" + COj. 

Calcic 

sulphite. 

This gaR has bleaching properties, and is used for 
bleaching straw used in plaiting, and woollen goods. 
The plaiters in Bedfordshire suspend their plait ia a 
tea-chest, and set fire to some sulphur in an iron dish 
at the bottom ; the top of the chest is then covered 
over with a sack. If violets, or any coloured flowers, 
be suspended in a jar of this gas, the colour it 
entirely removed. Litmus paper dipped in a solution 
of sulphurous acid is first reddened, then bleached. It 
has also the power of arresting animal decomposition, 
and is therefore useful as a disinfectant and antiseptic 

Sulphurous Acid, SOHo^ 

this substance is produc ' ' 
combines i 
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Sulphuric Anhydride, SOg, is a solid, and may 
be obtained by gently heating Nordhausen sulphuric 
acid in a retort, provided with a receiver, surrounded 
by a freezing mixture. The vapour, on reaching the 
receiver, is condensed into white silky crystals. 

It may also be prepared by heating sulphuric acid 
with phosphoric anhydride in a retort. The sulphuric 
acid is deprived of water by the phosphoric anhydride, 
thus: — 

SO2HO2 -f r\0, = 2PO2H0 + SO3. 

Phosphoric Metaphosphoric Sulphuric 
anhydride. acid. anhydride. 

Sulphuric anhydride has no acid properties; but 
when thrown into water it hisses like red-hot iron, 
combining with the water, and forming sulphuric acid. 
On exposure to the air it liquefies by the absorption 
of moisture. 

Sulphuric Acid, SO2H02. — This is a most im- 
portant compound. It is extensively used in the 
manufacture of soda from common salt, for bleaching, 
for dissolving indigo, dyeing, calico-printing, and nu- 
merous other purposes. It has been known from the 
fourteenth century. 

Manufacture.— In Great Britain this manufacture 
is of great national importance, and is carried on to a 
vast extent. 

The method adopted in the manufacture of sul- 
phuric acid depends on the formation of sulphurous 
anhydride, and its subsequent conversion into sul- 
phuric acid by the combined action of oxygen and 
moisture. It is therefore entirely a s)nithetical process. 

Sulphur, either in the form of native sulphur or iron 
pyrites^ is burnt in a furnace freely supplied with air, 
whereby sulphurous anhydride is formed (Fig, 13), — 
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whid is passed into s dumber made of dwet lead, 
aitd npported by a framework of wood. An iron 
pot or crucible hangs orei the fire, amtaining a 
miztme of sodic nitrate and solphiiric add, from 




which are evolved mixed fiunes o( nitric add and nitiic 
peroxide.* These mingle with the sulphurouE anhy- 
dride, and pass with it into the chamber, through a 
■boTt, wide pipe. JeU of steam also play into the 
room, and the Boor is covered with water to the 
depth of a few inches. Four substances are therefore 
euential for the production of sulphuric add, viz., sul- 
phurous acid, air, water, and nitric add. 

Sulphurous acid has already been stated to be a 
reducing .tgcnt, becoming sulphuric acid at the expense 
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whilst at the same time the sulphurous anhydride 
becomes sulphuric acid, thus : — 

2NO2H0 + SO2 = SO«Ho2 + Vp^r 

Nitric Sulphurous Sulphuric Nitric 

acid. anhydride. acid. peroxide. 

The nitric peroxide, however, does not remain in 
this state, but suffers further deoxidation until it 
becomes reduced to nitric oxide, thus :— 

Vf>4 + ^SOj + 2OH2 = 2SO,Hoa -f N^Og. 

Nitric Nitric 

peroxide. oxide. 

The nitric oxide suffers no further reduction, but 
in contact with the oxygen of the air it becomes 
once more nitric peroxide (see Properties of Nitric 
Oxide),— 

N2O2+ Oa=N20^; 

which is again destined to be reduced by the action 
of a fresh supply of sulphurous anhydride. Thus the 
nitrogen compounds derived from the nitric acid 
fumes are capable of acting again and again as 
carriers of oxygen from air to the sulphurous acid, 
and a limited quantity would act continuously and to 
an indefinite extent, were it not that a portion is con* 
tinually escaping along with the atmospheric nitrogen 
into the tall chimney with which the chambers are 
connected. 

The above is the simplest view that can be taken 
of the reactipns which occur in the vitriol chamber. 
Many chemists believe that they are much inore com- 
plex. Thus, probably, nitrous anhydride is one of 
the nitrogen products at work, — 
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4llO^O - 4SO. ■* 2OH. = 480^0, - xSfiii 

S:\ii\j Sulphurous Snlphmic ^flniE 

aiwj tbt oiirous anbydiide thus fonoed is ntber CDO- 
>CTtt<3 by vsitr into a mirture of nitiic acid and mtiic 
uajiic I both 01' vfaich ve have seen are capaUe cf 
i^^iiutng suJpfaurous acid to Eulpbnric aod), 01 it 
4c'.'i dittx-tiy as the oxidizer of mlpharaus anhydndc 
'VfK tv'iivm'm^ 3K equadonal expressions of both R- 

5ir,0, - OH. = aHOiHo ^ aNjO, 

.Vtrvtt. ^Vm«. Nitric «nd. '^ 

K,U, » SO. 1- 0H, = SO.Ho, + K,0, 

NittiAii ;)i'ph-Jiu«tt Snlplmiic Citric 

uitljNJrKlt;. aiihyli'jiie. acid. oxide. 

A [Mxuiiar white crystallise compound, to nhiA tbt 
lolluwiitg t'onnulu has been assigned, is observed to 
b« [nwiucvJ in the vitriol chamber :— 
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of vitriol ;" or it is further concentrated in platinum 
or glass vessels up to a density when cold of i 845 
or 1*85, and is then known in commerce as "double 
oil of vitriol." This is the strongest English acid. 

Sulphuric acid is also formed when water is added 
to sulphuric anhydride, or hydroxyl to sulphurous 
anhydride, and it is slowly produced when sulphurous 
atiLydrid^ is exposed to the action of the air. 

Properties. — Sulphuric acid is a colourless oily 
liquid of intensely acid reaction. It boils at 327* C, 
and distils unchanged. Organic matter is rapidly 
charred and destroyed by it. When mixed with water 
great heat is evolved ; it has a great affinity for water. 
Gases are frequently dried by being transmitted 
through this acid. 

When the vapour of sulphuric acid is passed over 
red-hot platinum it breaks up into SO2, OH2, and 
oxygen. With the aid of heat it decomposes all salts 
containing acids more volatile than itself ; it is there- 
fore extensively used in the preparation of other acids 
(see Preparation of Nitric and Hydrochloric Acids). 
It is a dibasic acid, and forms sulphates with bases, 
most of which are soluble in water, but none of 
them in alcohol. 

The molecular volume of sulphuric acid vapour is 
abnormal, being 4 volumes, owing probably to dis- 
sociation. 

Test — Baric chloride or nitrate in dilute solution 
gives a white precipitate of baric sulphate with dilute 
sulphuric acid, or a solution of a sulphate ; the precipi- 
tate is insoluble in nitric acid. 

f SO2H0 

Nordhausen Sulphuric Acid,X O , is a 

I SOgHo 

kind of acid manufactured on the Continent from 
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crystallized fenous sulphate, SOHoFeo'eOH,, which 
is first well dried in order to drive off most of the 
water of crystallization, and then distilled at a ted 
heat in an earthenware retort. 

It fumes in moist air, has a sp. gr. of ig, and is 
used for dissolving indigo, and for the preparation of 
sulphuric anhydride. 

Hypo sulphurous Acid, 8S''OHoi, is not known 
in the free state. In combination with metals it forms 
hyposulphites, for the preparation of which the student 
is referred lo sodic hyposulphite, the most important of 
these salts. The acid may be regarded as sulphuric acid 
in which one of the atoms of oxygen is replaced by sul- 
phur, and it is obtained by the sulphuration of sulphur- 
ous acid, and is sometimes called suiphosulphuric acid. 

Four other oxy-acids of sulphur are known, but as 
they are not at present of great practical importance! 
their names and formula only will be given. As the 
usual nomenclature has already been exhausted in the 
names of the foregoing acids, the Greek noun for 
sulphur (Ouay) is made use of for the names of these 
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Halogens. 

Chlorine, Bromine, Iodine, Fluorine. 
•Chlorine and its compounds have already been 
described The members of this group possess a 
remarkable resemblance to one another, and there is 
a curious gradation in their atomic weights, specific 
gravities, bleaching properties, and physical condi- 
tion. They combine directly with metals to form 
salts, and with hydrogen they form hydracids. 

By a careful study of the halogens a great similarity 
will be observed in their chemical characters, the chief 
differences being in the intensity of their chemical 
action. They all unite with hydrogen, forming acids, 
and produce similar salts by the substitution of metals 
for this hydrogen. The similarity between the first 
three is very remarkable. They all unite with silver, 
forming curdy precipitates, insoluble in nitric acid. 

Monad Elements {continued). 

Bromine— Brg. 

Atoniic wt. and sp. gr. of vapour, 80. Molecular weight, 160. 
Molecular volume, normaL I litre of vapour weighs & criths. 
Atomicity, I. • 

Occurrence in Nature* — ^As magnesic bromide, 
MgBrg, in sea water. Abundant in the waters of the 
Dead Sea. 

Preparation. — It is obtained from bittern^ the 
liquor which remains after most of the salts have been 
removed from sea water by evaporation. A cunent 
of chlorine gas is passed through the bittern which 
liberates the bromine, which is combined chiefly with 
magnesium, and the bromine is then taken up by 
ether : — 

MgBr^ + CI2 =r MgClg -f Brg. 

Bromine may also be made by acting on a bromide 
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vHk nm^Bnkr coddc and snlpfaimc acid. The re- 
araior if anBlpgons to Aat viiich liberates cblorine 
iron: e i^aiioe under like cooditioos. 

P jt i jieilJ es. — A deep red haxy liqtiid, giving off 
O&Qsirf rei imaes : ^ Tumte bromine is derived 
mm p-MHun: '■ sicDdil. Tlie bqmd boils at 63° C, 
xai. jreeze ai — sa' C It disstJves in water sligbdy, 
bn: shundsiizlT in edter and caibonic disulphidei 
&tRiiiBc hni- bleadiing pn^ienies when associated 
widi vxier. bo: in 1 less d^iee than chlorine. 
POTPoertfu sumaaav aad aisesic bom in bromine 
Tspmr. xsi meet roeOls are attuned by it and con- 
Tcne^ iLT^ broniides. It is roach used in the pro- 
daaiioB « or^siDC coanpaaads : it is also osed largely 
in j&ociiSTafiT. 

Hjdr^UtBBic Add, HBr. — TTiis acid may be 

prepued t^ beuisg a bromide widi phosphoric acid 

in I Jksk vi:h deliwiT tnbe ; the libeiated gas may then 

be coa^acTed into waitr, in »-hich it fieely dissolves : — 

^KS: - POV^-,-.. ^ TO'^z; - 3HBr. 

r,>;ii.JJi F*>j6^A«>; Pksssjr Hydrobroniic 
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6KH0 + 3Brj = sKBr + i^^^ + sQHj. 

Potassic Tiwx«»*«^ Potassic Potassic 

hydrate] bromine. bromide. bromate. 

The bromate is separated from the bromide by crystal- 
lization. The potassic bromate is converted into baric 
bromate by adding solution of baric chloride to it, 
and separating the two products by crystallization, 
and the baric bromate is then treated with sulphuric 
add, which liberates bromic acid, and insoluble baric 
sulphate precipitates, which may be filtered off: — 

OBr 

Bao" + SO2H02 = 2 { g^'^ + SOjBao". 
OBr 

Baric Sulphuric Bromic Baric 

bromate. acid. acid sulphate. 

Bromic acid closely resembles chloric acid. It is 
easily decomposed. Alkaline bromates, when heated, 
yield oxygen and bromides. 

Iodine— 12- 

Atomic weight and sp, gr. of vapour, 127. Molecular weight, 
254. MoleciUar volume, normal, i litre of vapour weighs 127 
criths. Atomicity, I. 

Occurrence in Nature.— It is found principally 

in sea plants, which derive it from sea water. It also 
occurs in mineral waters. 

•• Preparation. — The fused ashes of seaweeds, 
called ke/p, are treated with boiling water, which dis- 
solves out considerable quantities of sodic carbonate 
and chloride and other salts, and potassic iodide ; the 
sodic salts, &c., are crystallized out as far as possible. 
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and the potaseic iodide remains in the mother liquor, 
which is then treated with manganic oxide and sul- 
phuric acid, and distilled ; the iodine distils over, die 
reaction being analogous to that which yields chloiine 
and bromine by similar treatment. This process may 
be imitated by placing in a retort connected with a 
receiver a strong solution of potassic iodide, a little 
powdered binoxide of manganese, and sulphuric add : 
on the application of heat a beautiful violet vapour 
passes over, which condenses in the cold part of tbe 
retort and receiver in small shining scales. 

Properties.— At ordinary temperatures iodine is a 
solid, having a bluish black metallic appearance, lite 
black-lead. It fuses at 107°, and boils at 180°, pass- 
ing into a vapour of a splendid violet colour — the 
name iodine being derived from iiuS;(c( violet- coloured). 
The sp. gr, of the solid is 4*95. It is slightly soluble 
in water, but freely in alcohol and ether, the solutions 
of which are brown. Carbonic disulphide and chloro- 
form also dissolve it, the solutions being violet like 
the vapour. 
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Hydriodic Acid, HI. — This acid is a gas, but it 
may be obtained in solution by passing sulphuretted 
hydrogen through water in which powdered iodine is 
suspended. In this case the sulphur of the sulphu- 
retted hydrogen is liberated, and the hydrogen com- 
bines with the iodine, forming hydriodic acid, 28 Hj 
-I- 2I2 = 4HI + 83. The liquid is warmed, filtered, 
and a colourless solution of the acid is obtained, 
which soon becomes of a brown colour on exposure 
to air, by its decomposition into free iodine and water, 
4HI + 02 = 2OH2 + 2I2. 

The gas is best prepared by cautiously adding a 
small quantity of water to phosphorous triiodide and 
collecting by displacement : — 

PI3 + 3OH2 = POHH02 + 3HI. 

The phosphorous acid remains in solution. 

It may also be obtained by processes analogous to 
those employed in the preparation of HBr and HCl. 

This gas is very heavy, its molecular weight being 
128, and its density ( =: half molecular weight) is 64. 
It is decomposed by chlorine, bromine, nitrous, nitric, 
and sulphuric acid, and slowly by air. It forms 
iodides with bases, and dissolves many metals with 
evolution of hydrogen ; — 

Zn + 2HI = Znl2 + Hg. 

Iodic Acid, \ OHo*"*"'^^^^ ^^^^ ^^ obtained from 
baric iodate by processes analogous to those which 
yield bromic acid, to which the student is referred. 
It may also be produced by oxidizing iodine with 
strong boiling nitric acid, or with chlorine water. The 
following equation explains the latter process : — 
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. 60H, . 5Cl=.{gHo^ 



iHCL 



Solution of iodic acid is readily reduced by sul- 
phurous acid, the solution becoming brown from 
separated iodine. 

When iodic acid is poured into a solution of 
hydriodic acid, iodine is liberated : — 

( OHo * SHI = 3OH, + 3I, 

lodates are formed by similar means to those which 
yield bromates and chlorates, which they closely re- 
semble, lodates, when heated, break up into iodides 
and oxygen, or into oxides, iodine, and oxygen. 

(01 
Periodic Acid, -i O , is produced by decompos- 

(OHo 
ing plumbic periodatc with sulphuric acid, and de- 
canting the solution from the insoluble plumbic sul- 
phate. It cr)'stallizes from its solution in deliquescent 
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silicon and hydrogen, it has never been with certainty 
isolated. Its most frequent combination is with cal- 
cium, as calcic fluoride, CaF29 or fluor spar^ and as 
the mineral cryolite^ 6NaFVAr'2^6- ^* exists also in 
a state of combination in the bones and teeth of 
animals. So far as it has been examined, it is said to 
be a gas, like chlorine. 

There is no known oxygen compound of fluorine ; 
but in combination with hydrogen it forms an acid 
known as hydrofluoric acid^ HF, which, by the dis- 
placement of its hydrogen, furnishes fluorides. The 
compounds of fluorine are closely analogous to those 
of chlorine, bromine, and iodine. 

Hydrofluoric Acid, HF. — To obtain this com- 
pound, the powdered calcic fluoride is heated with 
two or three times its weight of concentrated sul- 
phuric acid in a platinum or lead retort connected with 
a receiver of the same metal, kept cool by being sur- 
rounded with a freezing mixture. A volatile colour- 
less liquid is obtained, which emits suffocating white 
fumes in the air. It unites with water, and even very 
dilute solutions attack glass. It has, therefore, to be 
kept in. leaden or gutta-percha bottles. 

The decomposition is easily explained : — 

CaFj + SO2HO2 =: 2HF + SOoCao". 

Calcic Cjucic 

fluoride. sulphate. 

If the concentrated acid be dropped upon the skin, 
it occasions ulcers of a very maUgnant and dangerous 
kind. It is used to etch or engrave letters on glass. 
The glass to be operated upon is first covered with 
beeswax, and the lines to be etched scratched through 
with a needle or any sharp-pointed instrument. The 
glass is then exposed to the action of the vapour of 
hydrofluoric acid, or the acid is poured upon it in a 
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£^fmj sacc Wboc the glass is nnprotected with 
irsx X £ cORodcil It is in this manner that ther- 
mam e i e Tt isJ other ^ass %'cssels are graduated. 
Tbc pc>««r cc t^ add to etch £^ass may be obserred 
ty ^vti^ A Seii^Ki siaog, into which some powdered 
jhiar siar U).: sa^wic add are placed. The glass 
ta be ATf^M is cisi corered with a coating of was, 
«ai &c 3«Txe dnwn opoa it with a penknife so as to 
FCEDOm rix wii bota diose parts to be etched. The 
j^s. viuch sSould ctircr the leaden sancer, is placed 
on ^ toj\ with the waxed side downwards. The 
ttuca siioQld be gently heated, care being taken 
thai ^x tcmpemme does not tise sofficdently to melt 
Ak wix. In .a few minntes the glass may be re- 
moned »d deutcd by holding it near a fire, or over 
a Bansoi flame, until tbc wax melts, when it may 
be wiped off, and the glass polished with a clean 
dkxh. 

The fbOowing equation explains the reaction of 
hydrofluoric acid on tiie silica of glass : — 

SiO, + 4HF = SiF. + aOHj. 
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Like carbon and boron, silicon can be obtained in 
the three allotropic forms. 

Amorphous silicon can be obtained by heating 
potassic silicofluoride with eight or nine times its 
weiglit of potassium, in a glass or iron tube ; the pro- 
duct is carefully washed to free it from the potassic 
fluoride and excess of potassium : — 

SiF4,2KF -h 2Ka = Si •¥ 6KF. 

Potassic Potassic 

silicofluoride. fluoride. 

The silicon remains as a brown amorphous powder, 
insoluble in water and nitric acid. It burns bril- 
liantly in the air, becoming silicic anhydride. 

Graphitoid Silicon. — This is prepared by fusing five 
parts of potassic silicate, ten of cryolitCy and one of 
aluminium in a fireclay crucible. The button of 
aluminium when treated with hydrochloric acid is 
found to contain silicon in scaly crystals. 

Diamond or Adamantine Silicon is obtained by pass- 
ing the vapour of silicic chloride over aluminium ; — 

3SiCl4 + 2AI, z= 2'Ar2Clfl + su. 

Silicic Aluminic 

chloride. chloride. 

The silicon is obtained in octahedra, which are suf- 
ficiently hard to scratch glass. 

Silicic Anhydride {Silica), SiOa, has already been 
stated to be an abundant natural production ; its 
purest natural form is rock crystal^ which occurs in 
six-sided prisms, terminated by six-sided pyramids. 
The crystals are hard enough to scratch glass ; they 
melt to a transparent glass when heated before the 
oxyhydrogen blowpipe. The crystals are insoluble in 
water and all acids except hydrofluoric. 

In its ciystallized state, coloured with some metallic 



14C THE ELKUBHTS OF tMORGANIC CUEHISTRV. 

tnide, it forms precioas stones, such as bhedHoiu, 
^gmU, jatpa; onyx, amuHan, and ofiai. Silica exists 
abundantly in many plants. It gives stifibess to the 
Stnw of wheat, barley, and oats. 

Amtrfhtms silica is obtained by heating silicic acid 
to 100':— 

SiHo« = SiO, + aOHy 
Tetnbuac Amorphous Water, 
a&dcacid. dlic*. 

Sflicic Acid, — tdrabask, S1H0( ; dibask, SiOHo,. 
— This is a gelatinous substance, obtained by pouring 
hydrochloric acid into a solution of potassic or sodic 
silicate (soluble glass) ; the mixed solutions must be 
erapotated to some extent, and then allowed to 
cool: — 
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mercury. The jar containing the mercury is now 
nearly filled with water ; and a gentle heat is applied 
to the flask. The decomposition is rather complex. 
The first effect is the disengagement of hydrofluoric 
acid, by the action of the sulphuric acid upon the 
calcic fluoride, and this, in contact with the silicic 
anhydride of the glass, undergoes decomposition, 
forming water and silicic fluoride, which latter escapes 
from the flask as a gas ; but when it comes in contact 
with water, after it has passed through the mercury, it 
is decomposed, silicic and hydrofluosilicic acids being 
formed. Decompositions in the flask :— 

(I.) CsL^i + SO.Hoa = SO^Cao" + 2HF. 
(2.) 4HF + SiO. = 2OH, + SiF,. 

Decomposition in contact with the water, after 
passing through the mercury : — 

3SiF4 -h 40Ha = SiHo* + 2SiF4,2HF. 

Silicic Hydrofluosilicic 
acid. acid. 

The silicic acid forms a jelly-like precipitate, while 
the hydrofluosilicic acid remains in solution, and may 
be filtered off. If a solution of a potassium salt be 
added to the hydrofluosilicic acid, potassic silicofluoride^ 
used in the preparation of amorphous silicon, is ob- 
tained as a gelatinous mass. Barium is precipitated 
from solution of its salts by hydrofluosilicic acid as 
baric silicofluoride. A solution of the acid is kept in 
the laboratory for the purpose of separating barium 
and strontium, the salt of the former metal being in- 
soluble in alcohol, while that of the latter is soluble. 

By evaporating in vacuo a solution of SiHoi at 16^ 
the dibasic aci(^ SiOHoa, is said to be obtained. 
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The jrhtdpal sohible sbcxtes are potassic and sodic 
silkxiss (soluble fix»>: for an accouDt of the latter, see 
SodK SiiicaK n. iSSl. 

Slick nn.iride, SiF,— Tliis is a gas. and is 
ahiSTS pradacec irtaeii hrdraftaoiic add acts on glass 
cc siiidc snfcydridc : — 

SaO, -r 4HF = «0H, + SiF^ 

JiyBrif B^dride, SH^. — This is a gas sponta- 
neoDsh^ inflaTTiTTab'ie in air. obtained by acting on 
c aSdde w'lA iTdtochloric add : — 

SiH^ + aMgCl^ 

SOidc Magnesic 

suKHB. aaa. hfdiide. chloride. 

VbcB i: bmiis is aii; it yields slide anhydride and 
nxa : — 

SiH. -I- lO, « SiO, + aOH> 

E tana a conaderable portion of the solid 
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Phosphorus— Pi- 
Atomic weight, 31. Sp. gr. of vapour, 62. Molecular wdght, 
124. Mulecular volume, normal. I litre of vapour weighs 6a 
criths. Atomicity, V. and III. 

This substance was discovered by Brandt, of Ham- 
burgh, about 200 years ago. Its name is derived from 
♦*»4', iight^ and 0epw, / bear. 

Occurrence in Nature. — It is a constituent of 

the older rocks, in which it occurs as phosphates ; by 
the crumbhng down of these rocks it passes into the 
soil, from which it is taken up by plants, and it then 
passes as food into the bodies of animals, where in the 
form of calcic phosphate it serves the purpose of giving 
stiffness and rigidity to the animal frame. Besides 
forming the bony skeleton, it is found in the brain, 
nerves, and urine. It thus occurs in the mineral, 
vegetable, and animal kingdoms. 

Preparation. — Brandt made his phosphours from 
urine, but it is now manufactured almost exclusively 
from calcined boneSy or sombrera guano^ both of which 
are calcic phosphate. The following is an outline of 
the process : — Well-calcined bones are reduced to 
powder, and mixed with two-thirds their weight of 
dilute sulphuric acid ; after some time the mixture is 
filtered. The calcic sulphate which has been formed 
by the sulphuric acid is an insoluble compound, and 
easily separated on the filter. The liquor is then 
evaporated to the consistence of treacle, mixed with 
charcoal powder, and transferred to an iron vessel, 
which is heated till all moisture is expelled. After 
this mixture has been thoroughly dried it is heated 
strongly in a stoneware retort, from which a wide 
tube dips into water contained in the receiver. The 
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pbaqifaona (fittils over in x saft condhioQ, and is 
OMuIded lit liot water icm cytindrical sdt^s. 

The following diemidl citangcs take place dtuiDg 
tbt above praces ^ — Bone nsb^ an trkaldc diphos- 
piwte ; sulptninc adif removes E«o of tbc three atoms 
of oiciuia as under : — 

RPtCto", -K jSO,B&%= ROtHo.Cao' + »SO,Cao". 

dipitosp&ate. ailphue. 

1 tbe evs^QTadoD of tbe Itqaid containing the 

' — ^ '-ac tiipbospbatfi and snbseqaent diring 

water is expeUedr and tbe re^due is 
■■■h-w- metBphos^btte. wEucb wfa«n tUstiUed with char- 
cast imfhis <:3rCrooic outfe and phoepboros, and leaves 
X BCBito ot' oicslcic t&phoephsCe. thos : — 

iftOido" -fCb =P^Cao% + loCO + P^. 

CilDt: frtolcic Caitwoic 
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vater. It readily dissolves in carbonic disulphide ; 
if this solution be dropped upon paper, linen, &c.y it 
quickly dries up, leaving the phosphorus in a finely 
divided state, which immediately bursts into flame, 
setting fire to the article with which it is in contact. 
Phosphorus takes fire spontaneously in the open air 
at a temperature a little above its fusing point, be- 
coming phosphoric anhydride. 

Red or amorphous pkosphortis is an allotropic modi- 
fication of phosphorus. It is obtained by heating 
common phosphorus for several hours in an atmo- 
sphere of carbonic anhydride at a temperature of 230 
to 2So^ A red powder, insoluble in carbonic disul- 
phide, is the result : this variety of phosphorus can be 
kept in dry air without change ; but when it is heated 
up to 260^ it bursts into flame, passing at the same 
time into common or vitreous phosphorus. This 
variety is not poisonous, does not become luminous in 
the dark, has no tendency to combine with oxygen 
unless heated strongly, and may be carried about 
without fear. It was discovered by Professor Schrotter. 

White^ bla:ky and viscous phosphorus are also known. 
The first is produced when common phosphorus is 
exposed under water to light for some time, and is 
frequently found as a crust on sticks of phosphorus 
which have been kept. 

Phosphorus is extensively used for the manufacture 
of lucifer matches. As the phosphorus would be 
likely to ignite by exposure to the atmosphere, it is 
mixed up with glue or gum-water. The ends of the 
matches are first dipped in sulphur, paraffine, or 
stearine, then into the phosphorous mixture, and 
afterwards into a thick mixture of potassic chlorate, 
potassic nitrate, or some other substance rich in 
oxygen and gum; they are then removed to a stove 



aaf CMeSdlf '^"— *• Jdomt J»ggi, DDP tt xja^oo lbs. 
if piUHpteams ws \. 9 .\i, mnua Jb' in IjCmdoD i& die 
iman6cnire it ^in^E i u mT 'i m i Mi lien tbc 'FnT'fy^ of 
che BMOdt is bRikor n' iztaana dte pbo^bonis fiist 
taker Ste \ '•hit m^n iKs :mc ec^^iiie, viiidi ignites 
tbe wood; the ' XiriKng acme » owini; to tbe poOssic 
cbioratE. Sa£ ponsnnmF is pisdiudlj sspascding 
die cofnmrjn varre^ sr ':3s ■■■uiimirtti'tirT^^ 2£ jts osc is 
Icar Itsble cd be laeridse. hw eu^ of fere cr explosion ; 
moreover, die wvxfcntsi aHSs iare to breaiite the 
"fftt** oc common piTOB^rocc^s ice cndq Afflictea with 
1 dwcrewng disease ot ue jssa- nv, to which dtose 
who rac red pttospltoctis ace cai liiliAc. 

CoBpotmds of Fhocj^uHns vith Hydrogen. 

Gssflous Fhosphorktfced Hjdn^en, FH^ 
I. Tbis gas is most readiI)r<'t''3'B^ 1^ boiling a. smaB 
qtiftncity of a stroog solniioa of poiassk: or sodic 
brdratt, to which a anall piece ol pbo^htMus has 
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J^. 14,) Half a fluid ounce of the potassic hydrate 
solution and ten grains of phosphorus are suitable 
quantities to use. The fluid should be heated gently 
until a flash is seen in the retort, when the beak 
should be immediately placed under water ; the gas 
will quickly begin to pass over, and will ignite spon- 
taneously as soon as it comes in contact with the 
atmosphere : the product of the combustion, phosphoric 
add, forms beautiful revolving rings of white smoke. 
The experiment is a very pretty one, and is easy to 
perform if the above conditions are complied with. 
A gentle heat should be applied continuously^ as other- 
wise the water will recede into the retort ; for the gas 
is somewhat soluble in water. When the experiment 
is drawing to a close the beak of the retort should be 
removed from the water, and then the lamp may be 
taken away. The following is the reaction : — 

3OKH + P, + 3OH2 = PH3 + 3POH2K0. 
Potassic Phosphoretted Potassic 

hydrate. hydrogen, hypophosphite. 

3. Phosphoretted hydrogen may also be obtained by 
heating in a retort either phosphorous or hypophos- 
phorous acid : — 

a, 4POHHO2 = 3POHO3 + PH3. 
Phosphorous acid. Phosphoric acid. 

b, 2POH2H0 = POH03 + PH3. 

Hypophosphorous acid. Phosphoric acid. 

The gas prepared by (2) is not spontaneously inflam- 
mable, but it is pure; that obtained by (i) contains 
free hydrogen and vapour of liquid phosphoretted 
hydrogen il2"^^^ the presence of which last sub- 
stance seems to be essential to its spontaneous inflamma- 
bility. A solid phosphoretted hydrogen is also known. 

Phosphoretted hydrogen combines directly with 
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l^dnodic and h yin bamac adds in the nasccDt con- 
i^i^MMt prodaciiic bodies aiulogous to amnuHiiaiQ 

PB, • HI = PHI. 

nu>sf]liorena] Hjdiiodic Fbci5f£oric 
bydmcd. acid. iodide. 

Phosphorous Trichloride, PClj. — ^This sah- 
stance is mnch nsed id o^ajiic investigations. 
It is readilr jHvpaied by passing chloHoe into 
A Teton containing heated phosphonis. The phos- 
jAonis most be kept in excess. The experiment 
requires care, or it may prove dangerous. Phos- 
pihonms chloride is a colourless liquid, with an 
(tensive o.'loDr. Wattr decomposes it into hydro- 
diloric and phosphtwrms acids : — 

POj - 3pH, = 3HCI * POHHo, 

RiwfjborciDi Water. Hjdroclilaric Phosphorous 

tlilohde. mcid. acid. 

Ffaosphoric Chloride, PClj.— This substance is 
also roach used in organic chemistry. It is prepared 
by pisang chlorine throu^ the trichloride. It is a 
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The chief differences are these :— Phosphorus does 
not form salts — such as AmCl, SOjAmOj, &c. — which 
would have the composition PH4CI, SOgCPH^OjX&c, 
with the exception of (PHJ'I and (PH^)'Br, already 
noticed (p. 124); yet in organic chemistry even this 
difference disappears, and salts of these types are 
well known, containing phosphorus in the place of 
nitrogen. 

Phosphorus forms more acids than nitrogen. Nitric 
anhydride assimilates only one molecule of water, 
thus: — N2O5 + OHg = 2NO2H0; whereas phos- 
phoric anhydride takes three, thus : — ^PqOj + 30H2 = 
aPOHos; still this is only after some time, for when 
phosphoric anhydride is added to water, only one atom 
of water unites at first, — 21*^5 -I" OH, = 2PO,Ho, 
forming an acid strictly analogous to nitric. 

Oxides and Oxy-acids of Fhosphoras. 

Phosphorous Anhydride, P^'iO,, and Phos- 
phorous Acid, P^OHHOi. — When phosphorus is 
slowly oxidized in a linxited supply of dry air, P3O3 
is formed, which is a white inflammabie powder, 
which readily dissolves in water, producing the acid 
POHH02 :— 

P2O3 + 3OH, = 2POHH0,. 

Phosphorous Phosphorous 

anhydride. acid. 

Take a glass tube, about one foot long and half an 
inch in diameter ; at about two inches from one end 
bend the tube at an obtuse angle, drawing the end 
of the shorter limb • out into a conical shape, leaving 
an aperture about the size of a pin's point. Into the 
bent end of this tube, at the angle, place a small piece 
of phosphorus, carefully dried by folding it in blotting- 
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■we«y. ~-'"'' ' bet: 3»e tabe where the phosphorus 
a» 7" atcEs- 3f I spirj^iamp. when the pho^hoiw 
»iii a*= ir^ E3i "^1= wrh a greenish flame. Onljr 
i sBMil ,iiic^=7< :«' »=■ HiEers the tube through the 
;itteil ic«*nre T>c: xshvdride coodenses as a while 
Ttiw-is' 3 -jst ^-le c^c pan of ibe tube. This is 

??!i.s(;C>.r-.-'^ :;:-:'I =2t 3LS0 be prepared from phos- 
■najfjvit- .•:<j-'e, PL. T» prepare tiiis phosphorous 
.•d>:iOe, Tiats i i^al riece oi" dir phosphorus in a 
'tM-Otbc, :v««3' ^ it:^ i^cvt ^eren times its weujht 
'A .QCtne :r« :!•■? xxies corabine energetically wuh- 
out ioy ippi:i.:i^on it i^e. Aner the action is orer, 
waiKi :» ii^'ivl, -wiast ^se ibiiowing decompositioB 
iaiu»3ia^>: — 

FI, - ?0H, = POHHo, + 3HI. 
?!»i>i«»njc; Hjdriodic 

Phosphoric Anhydride, r'.0=^ is obtained by 
bummij Tmgnicncs ex ^hosphona in a large globe or 

i^:> ti.-v lii a ntiiie to pAis between 
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The metaphosphates are prepared by expelling by 
heat, water or a volatile base, or both, from an ortho- 
phosphate. The following are examples : — 

POHoNaoAmo = POaNao + AmHo. 
Microcosmic salt. Sodic Ammonic 

met^hosphate. hydrate. 

POHojNao z= POjNao + QH,. 

Dih3^riosodic Sodic 

phosphate. metaphosphate. 

Metaphosphoric acid is monobasic. 

Pyrophosphoric Acid, P,08Ho4.— This acid is 

tetrabasic, and is so named because its salts are 
obtained by heating to redness phosphates which con- 
tain two atoms of a fixed base : — 

2POHoNao, = P308Nao4. + QH,. 

Hydric-disodic Sodic Water, 

phosphate. pyrophosphate. 

To prepare this acid, a solution of sodic pyrophos- 
phate is added to a solution of plumbic acetate (sugar 
of lead), and the precipitated pyrophosphate is filtered 
oif, washed on the filter, and then suspended in water, 
whilst a current of sulphuretted hydrogen is passed 
through the fluid. The plumbic sulphide formed is 
filtered off,, and the fluid is a solution of pyrophos- 
phoric acid : — 

PoOgPbo'^a + 2SH2 = 2PbS + P2O3HO4. 

Plumbic Sulphuretted Plumbic Pyrophosphoric 

pyrophosphate. hydrogen. sulphide. acici. 

Phosphoric Acid, Orthophosphoric Acid, 

POHO3. — There are several methods of preparing 
this acid, some of which have already been noticed 
(see pp. 154, 155). The phosphoric acid of the Pharma- 
:opceia is prepared by boiling phosphorus with nitric 
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acid in a retort, until it dissolves, and then evapo- 
rating the liquid in a porcelain dish until red fumes 
cease to come off. It can also be prepared by treat- 
ing bene asA with a considerable excess of sulphuric 
acid ; after heating, the mixture is filtered, to separate 
t^lcic sulphate, and ammonic carbonate, COAmoa 
is added to the filtrate till effervescence ceases. By 
again filtering, evaporating the filtrate to dryness, and 
igniting the residue to expel the ammonic salts, 
phosphoric acid is obtained. 

Phosphoric acid is not poisonous ; it is, however, a 
powerful acid, reddens vegetable blues, and with bases 
forms a large and important class of salts, called phos- 
phates. The acid prepared with nitric acid, when 
boiled and then allowed to cool, forms a transparent 
solid resembling ice, which is hence called gladai 
phosphoric acid. 

7iF/j,— The varieties of phosphoric acid are dis- 
tinguished from one another by means of a solution 
of argentic nitrate, with which— 



. Orthophosphoric acid gives a canary-yellow pre- 
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Arsenic— AS4. 

Atomic weight, 75. Molecular weight, 300. Molecular volume, 
noimal. i litre of arsenic vapour weighs 150 criths. Atomicity, 
V: and HI. 

Occurrence in Nature. — It is sometimes found 

Dative, but more frequently in combination with oxy- 
gen, sulphur, iron, nickel, and cobalt. 

Manufacture. — The ores containing arsenic are 
heated in a reverberatoiy furnace, and the volatile 
products condensed in a chimney of peculiar con- 
struction. The crude arsenious anhydride thus pro- 
duced is purified by sublimation. It is then reduced 
with charcoal in an earthenware retort, and the metal 
easily sublimes. 

Properties. — This metal is of a steel-grey colour. 
When heated, it oxidizes into arsenious anhydride. 
A 6203. It combines with the metals, like sulphur 
and phosphorus, and unites with oxygen in two pro- 
portions, forming arsenious anhydride, AS2O3, and 
arsenic anhydride, AS2O5. Arsenic volatilizes at 180'', 
giving off a vapour which has a strong odour of garlic. 
The metal has a specific gravity of 57. It is crystal- 
line and very brittle. Its molecule, like that of phos- 
phorus, contains four atoms. No oxy salts are known 
in which arsenic performs the functions of a basylous 
element. 

Its chemical characters particularly resemble those 
of phosphorus, and itmay be conveniently studied in 
connection with that substance, along with the other 
two pentad metals, bismuth and antimony, which also 
have a strong analogy to phosphorus and nitrogen. 
Their principal compounds are constituted on the 
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trpes of die felloviog general fonnulse, in which M 
represents the pentad element : — 

Frindpal Compcnauls of Arfienic. 

Arseninretted Hydrogen, AsH,, is produced 
vhoi nascent hydrogen acts on an aisenic compound: 
it is usually prepared by putting arsenious acid into a 
hydrogen appaiatos al<Hig with zinc and dilute sul- 
I^uric add : — 

AsHo,+ jZn+3SOjHo, = 3SO^no''+30H,+AsH,. 
It is also readily obtained by acting on an alloy of 
nnc aod arsenic with dOute sulphuric acid. 

Arseniuretted hydn^en is a colourless gas, having 
tlie smell of garUc It bums with a blue flame, pro- 
ducing arsenious anhydride and water with free access 
of air, — 

aAsH, + 3O, = AfljOg + aOHj ; 
but when the supply of air is limited, as it is when a 
cold piece of porcelain is held in the flame, the 
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ASsOsy is prepared by heating arsenic in contact with 
the air. It is soluble in hot water, and crystallizes in 
transparent octahedra. The alkalies dissolve this 
compound readily, forming arsenites. It is a power- 
ful poison. In experimenting with arsenic compounds 
the student should avoid inhaling the vapours. 

Arsenious acid, A8H03, is only known in solution. 
Scheeie's green is a hydric-cupric arsenite, AsHoCuo'. 

Arsenic Anhydridei As 1O4. — This compound is 

produced by dissolving arsenious" anhydride in hot 
hydrochloric acid, and oxidizing with nitric acid so 
long as red vapours are produced. The solution is 
then carefully evaporated to dryness. It slowly dis- 
solves in water, the solution being slightly acid ; on 
being evaporated, it yields, after some time, crystals 
of arsenic acid, ASOHO3, When the anhydride is 
heated it is decomposed into arsenious anhydride and 
oxygen. 

Arsenic acid resembles in the closest manner phos- 
phoric acid : — 

Arsenic add AsOHoj. 

Metarsenic add. . AsOfHo. 

Pyrarsenic add . AssOsHoi. 

Hydric-disodic arsenate, AsOHoNaoj, cannot be dis- 
tinguished in appearance from the corresponding 
phosphate. It may be prepared by adding a solution 
of sodic carbonate to a solution of arsenic acid until 
the acid is completely neutralized, and then evapo- 
rating. 

Diarsenions Disulphide (Realgar), AsA, which 

is found native, and can be formed artificially by 
heating arsenic with the atomic proportion of sulphur, 
is employed in painting, and for making white fire, 

Arsenious Sulphide (Orpimeni^, k's»'g>^A^ ^i^s.^^ ^. 

M 
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aitiial compound. It may be prepared by precipi- 
tating k. soluDffli erf areenious anhydride in hydro- 
chloric acid with hydrosulphuric acid : after the lapse of 
some time a bi^er sulphur compound is precipitated. 

EiilpharseiiicADl)ydiide,AstSAisnotiniportant. 
The three sulphides of arsenic are sulphur anhy- 
drides. Thus, if sulphuretted hydrogen be passed 
through a solution of arsenious anhydride, a precipi- 
tate c^ arsenious sulphide is fonned. The addition 
of ammonic or potassic sulphide completely dissolves 
it, on account of the fonnabon of ammonic or potassic 
sulpharsenite, thus: — 

ASiS, + 3SK, = aAsKs*. 
The addition of hydrochloric acid reproduces the 
precipitate, thus : — 

AsKs, -1- 3HCL = 3KCI -1- AbHs^ 
This latter compound, being unstable, decomposes 
thus :— 

lAsHs, = 3SH. + Aa^ 
Snlphai'Senioiu Sulphuretted Sulpbarsemous 
add. hfdrogen. anhydride. 
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precipitate of arsenious sulphide is thrown down, 
soluble in amnionic hydrate, and can be re-preci- 
pitated by sulphuric or hydrochloric acid. 

The detection of arsenious acid when mixed with 
the contents of the stomach is much more difficult. 
The presence of organic matter so interferes with the 
action of the tests just given as to render their results 
worthless in a matter of so much importance. In in- 
vestigations of this kind the two following tests are 
applied. 

Marsh s Test. — This test depends on the fact that 
nascent hydrogen combines with arsenic, as already 
explained, and forms therewith arseniuretted hydrogen. 
A hydrogen bottle, fitted with a tube bent at right 
angles, and terminating in a jet, is supplied with zinc 
and dilute sulphuric acid, both of which should be 
free from arsenic. When the air has been all chased 
out a light may be applied to the jet, the flame of 
which should not stain a surface of white porcelain 
when brought in contact with it. When this condi- 
tion is fulfilled, the substance to be tested may be in- 
troduced into the hydrogen bottle, and after a short 
time the jet of gas relighted and tested again with the 
white porcelain ; if arsenic be present a brilliant black 
metaUic film will appear on the porcelain. If the 
delivery tube be heated to a red heat the gas will be 
decomposed, and arsenic deposited as a metallic ring 
inside the tube, behind the heated portion. The gas 
passed through solution of argentic nitrate precipi- 
tates metallic silver as a black powder. 

Reinschs Test — The poisoned liquid is made acid 
with hydrochloric acid and slips of clean copper foil, 
wire, or gauze introduced. The liquid is now boiled 
for a few minutes, when, if arsenic be present, it will 
be found on the surface of the copper as a grey film. 



TkK ^'fpfif trnfmer BK tsirebiliy VB^aA, dried, iutny 
'iaemi JICT x. tpamt -turffi. "whicii jb then 'heaisd; flx 
xfiittmr jt ^ui3i:.v vaauoPsB Jmo BTHgnipuE anbydnde, 
wbictt lansmBDHSF inii xhe 'cxild atirface of 'die tnbc m 
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Oeettrrence is KaSire.— Cbieflj in carfma- 

tuMt wiih *4plmr as frer znuniniiri ore, Sb.S* odBed 

Ptvpuation. — 1^ <»c w Ana Erxsd 'fims euiliy 
im;iuritic« by lusum ; the sn^ftmr is idi«i ranored 
ftotB a hy hcuint; it «kb mcnllk groai '□r potsssic 
l'WUkuK : — 

Sbs, - jFe = Sb, - jFbS. 

AMimunifMa AMncacn-. Fotcos 

Autitnuiiy i* kIso obtained b^ roasiii^ the ore, hy 
wliich '.rcatment it ii putiatly convened into onde ; 
tllta a tticn rtductd by fusipg it with rhan-pal and 
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metal of the printer; and with tin, Britannia metal. 
It is too brittle to be used alone, but its alloys have 
numerous applications. 

Principal Compounds. 
Antimoniuretted Hydrogen, SbH,, also called 

Stibine, — ^This compound is produced when a soluble 
antimony compound is acted on by nascent hydrogen, 
and is obtained by the same process as that which 
yields arseniuretted hydrogen (arsine), which it closely 
resembles. It burns with a greenish flame, forming 
antimonious oxide and water. A cold piece of porce- 
lain held in the flame is stained by a film of metallic 
antimony, and antimony is also deposited as a metaUic 
ring when the tube through which the gas passes is 
heated to redness. When passed through a solution 
of argentic nitrate, a black precipitate, antimonious 
argentide, SbAga, is formed ; this property serves to 
distinguish it from arseniuretted hydrogen. 

Antimonious Chloride, SbClg, butter of anti- 
mony, — This compound is obtained when hydro- 
sulphuric acid is generated by the action of hydro- 
chloric acid on the native antimonious sulphide : — 

SbaSs + 6HC1 = 3SH, + 2SbCl3. 
The residual solution is then distilled until each drop 
of the condensed vapour, on falling into the water of 
the receiver, produces a white precipitate. The 
receiver is then changed, and the process carried on. 
The air should be carefully excluded. Alkaline solu- 
tions decompose antimonious chloride, producing the 
corresponding hydrate. Powdered antimony takes 
fire in chlorine eas, forming this chloride. With water 
it undergoes aecomposition, forming antimonious 
oxy-chloride as a white precipitate : — 
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SbClj + OHj = 2HCI + SbOCl. 

Anlimonious Antiraonious 

chloride. ojtychloride. 

Antimonic Chlorine, SbCI,, is prepared by 
passing a stream of dry chlorine over metallic anti- 
mony, gently heated in a porcelain tube, or better 
Btili, by passing chlorine over anlimonious chloride. 
It is a colourless volatile liquid, which produces anti- 
tnonic oxychloride, SbOClj, when acted on with a 
small quantity of water, and antimonic icid, SbOHOj, 
when an excess of water is used. It will be noticed 
that the constitution of this acid resembles that of 
phosphoric acid, fOHo^. 

Antimotiious Sulphide, SbsSj. is the native sul- 
phide from which the metal is obtained. It may be 
prepared artificially by passing sulphuretted hydrogen 
into solution of anlimonious chloride. The sulphide 
separates as a fine orange -coloured precipitate : — 
aSbCl, + 3SH, = SbjSs + 6HCL 

Antimotiious Anlimonious 

chloride. sulphide. 




BISMUTH. 167 

Antimonic Anhydride, Sb206, is produced by 

heating any of its acid derivatives, which are the exact 
analogues of the phosphoric acids :— 

a. Orthantimonic acid . SbOHOg. 

b. Metantimonic „ . . SbOgHo. 

c. Pyrantimonic „ . Sb208Ho4. 

a is obtained by the action of water on antimonic 
chloride. 

h. Aqua regia converts metallic antimony into this 
variety. 

c is formed when hydrochloric acid is added to 
solutions of its salts. 

Tests. — Sulphuretted hydrogen precipitates anti- 
mony from its solutions as an orange-coloured sul- 
phide, which is soluble in yellow ammonic sulphide 
or sodic hydrate. 

Antimony gives a metallic film on porcelain with 
Marshes test^ and when the gas is passed into solution 
of argentic nitrate the metal is precipitated as anti- 
monious argentide, which is soluble in tartaric acid. 
Arsenic, under like conditions, remains in solution. 

Zinc precipitates antimony from its solutions as a 
black powder. 

Bismuth— Bi. 

Atomic weight, 208. Atomicity, V. and III. 

Occurrence i)DL Nature. — Chiefly in the metallic 
state mixed up in various rocks. 

Prep^iratiOD. — It is separated from its earthy im- 
purities by fusion. 

Properties. — This metal is of a reddish white 
colour. It is highly crystalline, and very brittle ; its 
sp. gr. is 9*83 ; it melts at about 265°, and volatilizes 
at a high temperature. It is the most diamagnetic of 



.■^ 'iL- LLT-E-VTS or INORGANIC CHEMISTRY. 

..! .-.-I- ¥:;.-su:i.-es. It is little oxidized byMrin 
: ■; -■,-.., :-^: .-jras wiih a. blue flame when strongly 
>sv.:^_. 1> .-cs: sciveni is nitric acid. Its com- 
■.-.-,-■.■> —-T J ^i.o^cus to those of antimony, except 
_?..: : ■.:•:.■> ■-,- .-.-ai^'ourd with hydrc^en. 

.'• •..-..J i::j. :s jn illoy of S paita bismuth, J <rf 
iv... i::- 1 -■::;:;. ;: meiis below loo". Bismuth and 
i..-;: ■;.-.■::■. i.-.-t:: ihi; elements in the constrnction irf 
:rw :r;«r.'\ve:Ci.trt\.- vile. 

Fsiscipal Compounds. 

Si«inucbca$ Chloride, BiClk is produced by 
■.■.■-■^-.■Mo s^;-.:...:; :.■ i^.^-se which yield the correspond- 
u^ a:!'.i.i.v.'> ,VL-!LViiaii, to which the student is re- 
i-.'tn.- '-■.* 'racJCKs *-:h water arc atso analogous. 

lfUtBUC20U$ i.-xide. BijO, — This oxide is ob- 
..i.cix -'1 V,-,.; -;; .•.si::^:i;oi;<:::trate, or by heating the 
■,ic\./.i..;v v;-;:o, >y i.i\-:ai: potassic hydrate to bis- 
;ii-iWu>- !-j, >,L-, Blv." i- i;m«3 at a high temperature, 
iiiv. viuis A -.vaccul 3;;\ *>:;b silicious substances. 

Bi$jiiut'>ic Ox-.de or Anhydride. BUOi. is made 

[ jismtitfut: Actj- ft ts readily reduced to 
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Bismnthous Nitrate (trisnitrate of bismuth), 
N80eBio''',SOH2. — This salt is prepared by dissolving 
bismuth in nitric acid. If the solution be left for some 
time, large crystals of bismuthous nitrate are de- 
posited. A basic nitrate is produced when a solution 
of bismuthous nitrate is treated with a large quantity 
of water. This salt was extensively used as a cos- 
metic, but it injures the skin. Bismuthous nitrate is 
occasionally used in medicine. 

Tests. — Water added in large quantities to solutions 
of bismuth salts causes the formation of basic salts as 
white precipitates. 

With sulphuretted hydrogen a black sulphide is 
obtained, insoluble in ammonic sulphide. 

Monad Metals. 

Potassium— Kg. 

Atomic weight, 39. Molecular weight (probable), 78. 
Atomicity, i. Sp. gr., 0*865. 

Special Notice. —Vot^ssmxa was discovered by Sir 
Humphry Davy, in 1807, by decomposing moist 
potassic hydrate (KHo) by means of a powerful 
galvanic battery. Its discovery has been of great 
importance to the progress of chemical science. 

Occurrence in iNature. — Potassium occurs in 
nature as silicate, SiKo^, in combination with aluminic 
silicate, in granite^ felspar^ mica^ and other igneous 
rocks. 

These rocks are decomposed by the action of the 
carbonic anhydride and moisture of the atmosphere, 
potassic carbonate (COKO2) being formed (seep, 146). 

The potassic carbonate, being soluble in water, 
gradually dissolves, and so passes to the soil, from 



-vmca. it is aasic '.tp S^ Tums, snd die potassium is 
^famni in ±t=c ruic^ ^emaJr in dte form (^ an 
.nq^c ATji iut* S:dEnss.iiso as potassic chloride 
SIO? JX same ■S^aats^ isai as dtkvidc, bromide, 
iuuitie. -ani. jiu^aaa&. iic sat -uiii nuDoal waters. 

^:4]ncSCint.. — Sosxissmm k ptqnred by the fol- 
ttowio^ ^rucsss. — JL Ttr^rmw ci potassic carbtmate and 
t^SOEt^tti s 7t«rdR>i ^ ^lettii^ h\viric-potassic tar- 
xue cremi ^ic :siraz-^ Vben colH the mass is 
^wiuoaf 3i rt^vosTJoii tncsai ncli i-ioth of its weight 
a" courcuitL m. smaH jnufs. Ic is thai transferred 
W i ■ejl-jannmawi itoa rttott. vt a bottle in which 
atsTCant Tf :nincr»L T&e letort is placed in a fur- 
aa:* uii :3« irs sarcSeti «T!it cote and charcoal, so 
•^f :£te ?^.-n i:> sciidupei eo ftuoe and kept at a 
acMxax icir. ircrtMcfiiaf eo vluteness. A copper 
rwa<er, i,i3i«c ^5■ i pamdoor into one division of 
»5ica i rjienrir iirje p:f«e &«a the retort dips into 
it»j&isi Ksi :^ O^tec vftnaoQ bUed with ice, is con- 
ceccec w~ ^ r«oK. the fire is now raised in 
■d beoMipaaaaa oi the potassic car- 
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with oxygen, and then into potassic hydrate (KHo) 
by double decomposition with the moisture ; conse- 
quently it has to be preserved beneath rock oil or 
naphtha. Thrown upon the surface of cold water, it 
decomposes it with such energy as to cause the libe- 
rated hydrogen to bum ; the resulting compound being 
potassic hydrate, which dissolves in the water : — 

2OH2 + K2 = 2 KHo + Hg. 

Potassic hydrate. 

When heated in dry air it takes fire, burning with a 
purple flame, and forming potassic oxide (QKg), 
thus : — 

2K2 + O2 = 2OK2. 
Uses. — Owing to its powerful attraction for oxygen 
and the other non-metallic elements, potassium is of 
use in the preparation of several of the elements, as 
boron, silicon, and aluminium (see pp. 85, 143). 

Principal Compounds. 

Potassic Oxide (potash), OK2. — This substance 
is prepared, as already stated, by exposing potassium 
to the action of dry oxygen, or by heating potassic 
hydrate with potassium : — 

2KH0 + Kj = 2OK2 + Hj. 

It is a white deliquescent solid, which is decomposed 
by water, becoming incandescent, and forming potassic 
hydrate : — 

OK2 + OH2 = 2KH0. 

Potassic Hydrate (caustic potash), KHo. — This 
important compound is prepared (i) by decomposing 
potassic carbonate by calcic hydrate (CaHo2),thus : — 

COKoj + CaHo, = 2 KHo + COCao". 

Potassic Calcic Potassic (,'alcic 

carbonate. hydrate. hydrate. carbonate. 
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The calcic carbonate (COCao"), being insoluble, 
precipitates, and the potassic hydrate remains in solu- 
tion ; the solution is decanted off, evaporated to dry- 
ness in an iron or silver dish, and the heat continued 
till the mass fuses, when it is run into cylindrical 
moulds ; when cold the sticks thus formed are removed 
to well-stoppered bottles, as otherwise it would absorb 
and combine with the moisture and carbonic anhy- 
dride contained in the atmosphere. (2) By the action 
of potassium upon water, as already mentioned : — 
2OH2 + Kj, = zKHo + H^. 
Potassic hydrate, when fused, is a hard, greyish 
white solid, having a sp. gr, of 2*2. It can be ob- 
tained in crystals forming acute rhombohedra, and 
having the composition KHo, aOHj, by making a hot 
concentrated solution in water. It is highly alkaline, 
and neutralizes the most powerful acids. By dissolving 
it in water heat is evolved. It is used in the manu- 
facture of soft soap, soluble glass (potassic silicate.) 
and in- medicine as a caustic for dissolving the skin. 
In the laboratory it is an indispensable 
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ashes are treated with water, in which tlie potassic 
carbonate readily dissolves, and after allowing the in- 
soluble portions to settle, the solution is decanted off 
and evaporated to dryness. The pure carbonate is 
obtained by heating hydric-potassic tartrate (cream of 
tartar), dissolving out the resulting carbonate, filtering 
from the charcoal with which it is mixed, and evapo- 
rating to dryness. 

Potassic carbonate crystallizes in oblique rhombic 
octahedral crystals, which are deliquescent. Its solu- 
tion has an alkaline taste and reaction. It is used in 
the manufactures of soap and glass, and in the prepa- 
ration of most other compounds of potassium. 

Hydric-potassic Carbonate (bicarbonate of 

potash), COHoKo. — When carbonic anhydride is 
passed into a solution of potassic carbonate, a white 
crystalline precipitate of the hydric-potassic carbonate 
is produced :— COK03 -f QHa -f CO2 = 2COH0K0. 
This is the process employed for preparing the salt. 
It is less soluble in water than potassic carbonate, and 
has no alkaline action on litmus. Owing to its great 
purity if well crystallized, it is employed for the pre- 
paration of other potassium compounds. It is also 
used in medicine, and in making effervescing draughts. 
Potassic Nitrate (nitre, saltpetre), NOjKo.— This 
salt is brought to this country chiefly from the East 
Indies, where it appears, in some parts, like snow on 
the surface of the ground. The nitre is collected, dis- 
solved in vater, and a little potassic carbonate added 
to decompose the calcic nitrate which it usually con- 
tains, by precipitating the calcium as carbonate :— ^ 

< Cao* +COK02 = 2NO2K0 -f COCao". 

( NO2 Potassic Potassic Calcic 

Calcic nitrate, carbonate. nitrate. carbonate. 
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1^ ^3=id is ci^xvated, and the nitre of commerce 
crv^c&Ihz^s oat. Id France large quantities of it are 
Tiin-nTT^—TT-»= in the foUawing manner: — Heaps of old 
no-ar tad csnh are odlected in open sheds, and 
MteiT sipastr^ id t^e air. These heaps are constantly 
ncnsd i^i w^^iered with putrid urine. This process, 
wiu^ s sanKximes calied nitrifiialiort, causes the 
immgen^Nif matters (as ammoniacal salts, urea, &a) 
cjBCKTTgi va. the mine to become converted iato 
ninic acid, w^iich, acting on the calcic oxide of 

aw marac, icr^ns oddc nitrate, \ ^Q^Cao*. When a 

la;:^ qnaatitT of ibis silt has been fonned, the mortar 
beue an treated with water in tanks ; this dissolves 
oo: die aJdc nitnte ; to the solution, after sepa- 
nxing it fioia l^e insoluble matter, a solution of crude 
poa^c cart>oaate is added: this causes a double 
deronposiiioa. potassic nitrate being fonned and 
remaining in sohition, while calcic carbonate is pre- 
cqvtaied: — 
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oxygen, a deliquescent mass of potassic nitrate (NOKo) 
being formed : — 

2NOiKo = 2NOK0 -f 0„ 

Potassic nitrate. Potassic nitrite. 
It is used as an oxidizing agent, both in the laboratory 
and manufactory,* and very largely in the manufacture 
of gunpowder. Gunpowder is a mixture of potassic 
nitrate, charcoal, and sulphur, in the following pro- 
portions by weight : — 

Potassic nitrate ... 75 parts. 
Charcoal (carbon) . . 15 „ 
Sulphur 10 „ 



100 „ 



The best charcoal for this purpose is that prepared 
from dogwood or elder. When the gunpowder is 
exploded, a quantity of gas, principally nitrogen and 
carbonic anhydride, is generated, which, owing to the 
intense heat to which it is subjected, occupies 1,500 
times the bulk of the gunpowder used, thus accounting 
for the violence of the explosion. Generally the reac- 
tion may be said to be the following, though the actual 
results are by no means so simple : — 

4NO,Ko + 6C + Sa = 6C0a + 2Na + 2SK2. 
Potassic Potassic 

nitrate. sulphide. 

Potassic Sulphate, SO2K02.— This salt is the 
residue of the process for manufacturing nitric acid 
from potassic nitrate ; thus : — 

2NOaKo -f SO2H02 = SO2K02 -h 2NO2H0. 

Potassic Sulphuric Potassic Nitric 

nitrate. * acid. sulphate. acid. 

* Also as an antiseptic^ that is, as a preventive of putrefaction 
in meat, &c., — occasionally in making nitric acid. 



or CSOKCANIC CUEUISTRY. 

tt CTTWiiHaea it :ww ^oinct oystaltiDe fonns, and 
huaof is Jiimir^'amA. It » not very soluble in water. 
\r. '-.& isoi IS :iii: aluaafKnre at fiotask^iium, 

Qjrdzic-fiMassiw Sn^diate, SO,HoKo.— When 
rwu.t: Js- 3iiu:ii: £iJ^£:mK sod is nsed as in the above 
case, an* siit a. 'Sot tesiali : — 
.-KOJtJ ^ iS*Ml(% = aSO^oEo + aNOjHo. 
I: crraaJi-Ms in cfeuciSjbiil table. It is used occa- 
koc;iILy 3s X 1&3. lad x!bo in cUico-printing. 

PMasSK CHcnte.; qj^^.— This salt is prepared 
i-T passiu^j oilodaf yis ihnxigh a misture of caldc 
hviiiaM I CaHji; ind pocisssc chSoride( KCl), Calcic 
hvvoodildrire cC^^^V "^ ^'^ icKmcd. and as the tem- 
p<enC3E? rui« k is ti'eoxapo^ed, calck chlorate being - 
^mnei, w^-ft un^eij^iMS matoid exchange with the 
poUssK (^-.xiiiif : pocusiccfakinteand calac cbloride 
iCaCy l>ttcg=^inwd,tiM»s(seepp. 81,83):— 

-Oct 

.' i~ ■ _ ,»:ri = raPL J. ■./ Q?' 
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It deflagrates violently with combustible matter, ex- 
plosions occurring with very slight blows. It is 
largely used in the manufacture of lucifer matches ; as 
an oxidizing agent in calico-printing ; and when added 
to a solution acidulated with hydrochloric acid, is 
often used in the laboratory for the same purpose. It 
is also used in the mixture with which the friction 
tubes used for firing cannon are charged. 

Potassic Chloride^ KCl. — This salt occurs in 
salt deposits at Stassfurt, in Germany, and other places. 
It is also obtained from kelp^ the ashes of burnt sea- 
weed. It crystallizes in cubes, is readily soluble in 
water, and is used in the manufacture oi potash-alum 
and potassic chlorate. 

Potassic Iodide, KI. — This salt occurs to a 
slight extent in sea-water. It is prepared by digest- 
ing iodine and iron filings together with water till the 
solution is colourless. Ferrous iodide (Fel2) ^s thus 
formed; the filtered solution is mixed with a solution 
of pure potassic carbonate, which causes ferrous car- 
bonate (COFeo") to precipitate, while potassic iodide 
remains in solution : — 

Fel2 + COK02 = 2KI + COFeo". 

Ferrous Potassic Potassic Ferrous 

iodide. carbonate. iodide. carbonate. 

The solution is filtered to separate the suspended 
precipitate, and evaporated till the salt crystallizes on 
cooling. 

Potassic iodide crystallines in cubes, and is very 
soluble in water: it is also soluble in alcohol. Its 
solution dissolves iodine, forming a deep brown liquid. 
It is used in photography and in medicine. 

Tests for Potassium Compounds,— \i tartaric acid be 
added to a solution of a potassium salt in a test-tube, 

N 
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die TniimiT r aghUed Atumigblr and allnwed to stand 
iir B shcat liine. a while caystaliine precipitate (rf 
bvdhopotassic nmate (ctcbui of tartar) is produced. 

Flumir chloride (PtCl^) gircs in solutions ofpotas- 
nom sahs, to wfaidi a ^ttle faydrochloTic acid has been 
added, a yellow oyaalUne precipitate after agitation, 
wfaic^ is BiDoleciilaT' combinatian of potassic chloiide 
xai plaonic chloride (aKClJtClJ. 

Compounds of poussiam, when introduced on a 
Icvp ol'^ platinnm wire into the Bunsen or blowpipe 
fiane. tint;e ii of a pmple or Tiolet colour ; and if the 
fluBC be examined bj the spectroscope, the spectrum 
viS he ioaad to consist of three bright Hnes, two in 
die re^ jiomon and one in the violet. 
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(CONaOg) by means of carbon. An intimate mixture 
of 7 parts of dried sodic carbonate, 2 parts of powdered 
charcoal, and i part of finely powdered calcic carbon- 
ate is made into a paste with oil, and after carbonizing 
the oil by heating the mixture in an iron pot, it is 
transferred to an iron retort like that used for pre- 
paring potassium, and is distilled. The reaction is 
the same as occurs in preparing potassium ; the calcic 
carbonate is used simply to prevent the charcoal 
separating from the sodic carbonate when the latter 
fuses : — 

CONao2 + 2C = Nag + 3CO. 

Sodic carbonate. Carbonic oxide. 

The process is more manageable than that for pre- 
paring potassium. 

Other processes by which it may be obtained are — 
(i) by electrolysis of sodic hydrate (Davy's original 
method) ; (2) by decomposing sodic hydrate at a 
white heat by means of metallic iron : — 

4NaHo + 3Fe = 2Na2 + Fe304 -h 2H2. 

Sodic hydrate. Triferric 

tetroxide. 

Properties. — Sodium is a silver-white metal, soft 
at ordinary temperatures. It melts at 90°, and oxi- 
dizes in dry air, passing into sodic oxide (ONag). It 
boils at a red heat. Thrown upon water, sodium 
decomposes it with great energy, the temperature 
occasionally rising high enough to inflame the libe- 
rated hydrogen. In hot water the hydrogen takes fire 
at once, burning with a yellow flame, due to a small 
quantity of sodium vapour. In both cases sodic 
hydrate (NaHo) is the product; it dissolves in the 
water : — 

2OH2 + Nag = 2NaHo + H^. 
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ire obtained. It is extensively used in the manufac- 
ture of hard soaps and of sodic silicate (soluble glass), 
auad is an indispensable reagent in the laboratory. 

Sodic Chloride (common salt), NaCi. — This well- 
known substance occurs in nature, forming immense 
beds of rock salt in Cheshire ; Durham ; in Ireland, 
near Belfast; at Wieliczka in Poland, Cordona in 
Spain, Galicia, and Tyrol. It also occurs in sea 
water to the extent of four ounces to the gallon. 
A large quantity of salt is obtained from the brine 
springs of Droitwich; but our chief supply is from 
the mines of Cheshire. Rock salt is always too im- 
pure for use ; and if no natural brine spring exists, 
one is formed by sinking a shaft into the rock salt, and 
introducing water. This water, when saturated, is 
pumped up, and evaporated in large iron pans. As 
the salt separates, it is removed by means of a wooden 
scoop, and pressed, while moist, into moulds, and then 
transferred to the drying stove. When large crystals 
are required, as for bay salt, the evaporation is con- 
ducted very slowly. The commercial article generally 
contains a little magnesic chloride, which renders it 
somewhat deliquescent The following analysis shows 
the total salism. an imperial gallon of Droitwich brine: — 
Sodic chloride . . . 21,761*872 grains. 
Magnesic chloride (MgCy 2 "560 „ 

Calcic sulphate (SOgCao) • 91 120 „ 

Aluminic sulphate . . 14*400 „ 

Sodic sulphate (SOgNaOg) 342720 „ 

Sodic iodide . . • -208 grain. 

22,212*880 grains. 
It is also obtained from sea water by evaporation. Sodic 
chloride crystallizes in cubes, and is almost equally 
s(^uble in cold and hot water. It is extensively used 
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in the manufacture of sodic carbonate, in glazing 
stoneware, as an antiseptic in preserving meat, and it 
is an essential constituent of animal food. 

Sodic Sulphate (Glauber's salt), SOgNaOg-, crys- 
tallized, SOgNaOgioOHg. — This compound has been 
found pure in nature, forming the mineral called 
Th^naridite, It is prepared in enormous quantities in 
Lebland $ process for making sodic carbonate, by acting 
upon sodic chloride with sulphuric acid in an iron pan 
heated by a furnace : — 

2NaCl + SO2H02 = SOaNao^ + 2HCI. 

Sodic chloride. Sulphuric acid. Sodic sulphate. 

The hydrochloric acid (HCl) produced passes off in the 
gaseous form, and is absorbed by water trickling down 
large towers filled with coke. When the decomposi- 
tion is complete the sodic sulphate is raked out and 
allowed to solidify ; the solid mass is termed salt-cake, 
Sodic sulphate is very soluble in water, and it may 
be obtained crystallized in four-sided prisms; the 
crystals may be either SOgNaOa ; SO2Nao2,70H2; or 
S02Nao2,ioOH2, according to the manner in which 
they are obtained. The varieties containing water are 
remarkably efflorescent.* The crystals dissolve in 
hydrochloric acid, with great absorption of heat from 
surrounding bodies, and this mixture is consequently 
used in chemical operations as a freezing mixture where 
a low temperature is required. It has a bitter taste, 
and is occasionally used in medicine ; it is also used in 
making glass. 

Hydric-sodic Sulphate (bisulphate of soda), 

S02HoNao. — ^When nitric acid (NOgHo) is prepared 
in a glass retort from sodic nitrate (NOgNao) and sul- 
phuric acid (SOgHog) the residue in the retort is 
hydric-sodic sulphate, thus : — 

• Becoming powdery from loss of water of crystallization. 



{ 
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HOgNao + SOgHo^ = SOgHoNao + NO,Ho. 

Sodic Nitrate. Sulphuric aad. Hydric-sodic sulphate. Nitricadd. 
It is very soluble in water, and, like hydricpotassic 
sulphate, may be used as a flux. When heated it loses 
water, and forms disodic disulphate, thus : — 

( SOjNao 
aSOaHoNao = OHg + {O 
Hydric-sodic sulphate. ^ SOoNao 

Disodic disulphate. 

The disodic disulphate, when more strongly heated, 
yields sulphunc anhydride (6O3) and sodic sulphate: — 

SOgNao 

O = SOgNaOj + SOg, 

S02Nao Sodic sulphate Sulphuric 
Disodic disulphate. anhydride, 

Sodic Carbonate (soda, soda crystals), CONaOj. — 
This most important sodium compound was formerly 
almost entirely obtained from the ash of burnt sea- 
weeds. The plants whose ash yield it are the Salsola 
soda, grown on the coasts of Spain ; Saiicornia annua^ 
grown on the southern coast of France ; and varec, a 
seaweed grown on the rocks on the coast of Brittany. 
The ash resulting from the combustion of these plants 
is known as hanlla^ and contains about 18 per cent, of 
sodic carbonate. The natron or trona lakes of Egypt 
have also yielded it from a very remote period. These 
sources have now, however, almost entirely given place 
to what is known as Leblands process of preparing it 
from sodic chloride (common salt). 

By Leblancs process the sodic chloride is first con- 
verted into sodic sulphate, as described under that 
substance ; the resulting sulphate is then ground to 
powder, mixed with ground calcic carbonate and 
ground coal, in the proportion of 3 parts of sodic sul- 
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fidd of carbonate, the solution is evaporated to dryness 
and heated in a fiimace with sawdust, which converts 
the sodic hydrate into carbonate, and the result of the 
operation is the soda ash of commerce, containing 
about 56 per cent, of available alkali (sodic oxide 
[ONaJ in the form of carbonate). 

We see, then, that the chemical changes in the manu- 
&cture are three in number: — ist, the conversion of 
sodic chloride into sodic sulphate : — 2NaCl + S02Ho2 
=S02Nao2+2HCl; 2nd, the reduction of the sodic 
sulphate to sodic sulphide by the carbon of the coal : 
— SSOjNaoj + 2oC=:sSNa, + 20CO; and 3rd, the 
decomposition of the sodic sulphide by the calcic 
carbonate, sodic carbonate and calcic oxysulphide 
resulting: — sSNaj + 7COCao'' s= sCONao, + 

5CaS,2GaO + 2C0a. 

Sodic carbonate has a nauseous, alkaline taste, is very 
soluble in water, and crystallizes in rhomboidal prisms, 
often of very large size ; the crystals have the com- 
position represented by CONao.t,ioOHa, and are 
efflorescent. It is used in immense quantities in the 
manufactures of glass, soap, and of the various sodium 
compounds ; large quantities are employed in dyeing 
and calico printing, scouring wool and yarn, for soften- 
ing hard waters, and for domestic purposes. 

Hydric-sodic Carbonate (bicarbonate of soda), 

COHoNao. — This salt is prepared either by passing 
carbonic anhydride into an aqueous solution of sodic 
carbonate, or over moist crystals of that substance; 
the carbonic anhydride is absorbed, and in the case 
of the solution the hydric-sodic carbonate precipitates 
in crystals, which are nearly pure. In the case where 
the gas is passed over the crystals, heat is evolved, 
and thq crystals lose their water of crystallization. 
The latter, though the more economical plan, does 
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not yield so pure a product as the former : the change 
undergone is the same in both cases : — 

CONaOg + OH2 + CO2 = 2COH6Nao. 

Sodic Carbonic Hydric-sodic 

carbonate. anhydride. carbonate. 

Hydric-sodic carbonate is not so soluble in water 
as the normal carbonate. It crystallizes in rectan- 
gular four-sided prisms. 

Sodic Nitrate (cubic nitre, Chili saltpetre), 
NOjNao. — This compound occurs in nature in large 
beds, about a yard below the surface of the soil, in 
Peru, South America. It is very soluble in water, and 
is deliquescent.* It is employed in the manufacture 
of sulphuric and nitric acids, potassic nitrate, and as a 
manure. The crystals of it are rhombohedral in shape. 
It cannot be employed as a substitute for potassic 
nitrate in gunpowder, owing to its deliquescence. 

Hydric-disodic Phosphate (rhombic phosphate 

ofsodium, phosphate of soda), POHoNaOg. — This com- 
pound is readily prepared by adding a solution of sodic 
carbonate to a solution of tetrahydric-calcic phosphate, 
P202Ho4Cao", when calcic carbonate is precipitated, 
and hydric-disodic phosphate remains in solution : — 

P202Ho4Cao'' -I- 2CONao2=2POHoNao2+COCao"+ 

Tetrahydric-calcic Sodic Hydric-disodic Calcic 

phosphate. carbonate. phosphate. carbonate. 

CO2 + OH2. 

Carbonic Water, 
anhydride. 

By evaporating the filtered solution, the phosphate 
may be obtained in rhombic prisms, which are 
efflorescent. Its aqueous solution has a slightly 

♦ Liable to turn liquid from absorption of moistur; from the 
atmosphere. 
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alkaline reaction. The crystals have the composition 
POHoNao.2,i2 0H2. Its solution corrodes flint-glass 
bottles, causing white flakes of silicic acid to separate. 
It is used in the laboratory as a test for magnesium, 

Sodic Hyposulphite, SS"ONao2.— This salt is 
prepared by first forming sodic sulphite (SONao2)/by 
passing a stream of washed sulphurous anhydride 
(SO2) into a strong solution of sodic carbonate : — 

CONaoa + SO2 = SONaOg + COj. 

Sodic carbonate. Sodic sulphite. 

The solution of the sulphite is then digested for 
several days with sulphur, by which means the sul- 
phite takes up sulphur, and is converted into hypo- 
sulphite : — 

2SONao2 + 82= 2SS''ONao2. 

Sodic sulphite. Sodic h3rposulpnite. 

On evaporating the solution, crystals of the hyposul- 
phite, having the composition SSONao2,50H2, sepa- 
rate out. It is largely used for photographic purposes 
as a fixing agent, as it dissolves the silver salts which 
have been unacted on by the light, and so prevents 
the portrait or picture from becoming black. 

Sodic Borate, BNaOg. — This compound does not 
exist in nature ; but an abnormal sodic borate, known 
as boraXy and having the composition B'"405Na02, 
10OH2, is contained in the mineral, called tincaly ob- 
tained from the East Indies. It is also obtained 
firom certain lakes in Persia and California, and large 
quantities are prepared by adding sodic carbonate to 
the native boric acid(BHo3) of Tuscany : — 

4BH00 -f- CONao2=B406Nao2 + 6OII2 + COg. 

Boric acid. Borax. 

It is soluble in water, and crystallizes in six-sided 
prisms ; its solution has an alkaline reaction on test- 
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paper. When the ciystals are heated they fuse in 
their water of crystallization, bubble up, owing to tiie 
escape of steam, and afterwards undergo igneous 
fusion to a transparent glass. This glass, since it dis- 
solves metallic compounds with production of various 
characteristic colours, is often employed as a blowpipe 
test for metals in qualitative analysis. (See p. 86.) 

This same property of dissolving metallic com- 
[lounds which borax possesses is made of use in the 
welding of metals. The pieces to be joined are 
heated in the forge, sprinkled with borax, which dis- 
solves the coat of metallic oxide, and when sufficiently 
heated the pieces are removed, a blow of the hammer 
or rap against the anvil causes the dissolved oxide 
to fall off, and the two clean metallic surfaces are 
speedily united by the blows of the striker. Borax 
is used in glazing earthenware, as a fiux in the smelt- 
ing and refining of metals, and for softening water. 

Sodic Silicate (soluble glass), SiNao4, — This 
compound is prepared — (i) by fusing together sodic 
carbonate and silicic anhydride (SiOj), — 
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In admixture with other silicates, sodic 'silicate occurs 
in glass, and it (equally with potassic silicate) imparts 
the property of viscidity before fusion to such mix- 
tures, which is of such value in the working of glass. 

Sodic Tungstate, WOgNaOg. — This compound 
is employed for rendering fabrics non-inflammable, 
and to prevent the serious accidents, and in many 
cases loss of life, which occur every year, through 
ladies' dresses, &c., accidentally taking Are. A con- 
centrated neutral solution of the salt diluted with 
about one-third of its bulk of water, and then mixed 
with three per cent, of hydric-disodic phosphate, is 
the solution used for this purpose. 

Tests for Sodium Compounds. — Sodium compounds 
are all, with the exception of the antimoniate, very 
soluble in water; therefore they cannot be precipi- 
tated by any reagent, and consequently their presence 
has to be determined almost entirely by negative 
evidence. A solution from which all metals, save 
potassium, sodium, and ammonium, have been preci- 
pitated, and which on evaporation to dimness and 
ignition leaves a residue of saline matter, must con- 
tain either potassium or sodium, or both of them. If 
a little of this solid residue be dissolved in water, and 
platinic chloride and a few drops of hydrochloric acid 
added, and the mixture on shaking yields a yellow 
precipitate, potassium is present^ and sodium must be 
tested for in the remainder of the residue by ascer- 
taining whether it colours the Bunsen flame yellow^ 
and gives one bright yellow band in the spectroscope ; 
if so, sodium is present also. If the platinic chloride 
gives no precipitate, then potassium is absent and 
sodium is present^ and its presence may be con*- 
Armed by observing the flame coloration, as before 
stated. 
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Silver— Ag,. 



Atomic n 



Special Notke. — Silver was known to the ancients, 
being one of the first-discovered metals. 

Occurrence in Nature. — silver occurs in nature 
in the free siate to some extent: in combination it 
occurs as sulphide (SAgi), known as silver giance, also 
as chloride (AgCl), and bromide (AgBr) in embolite; 
it also occurs as sulphide mixed with plumbic sul- 
phide (PbS) in galena. The chief sources of its ores 
are the Hartz mountains in Germany, Kongsberg in 
Norway, and the Andes in South America. 

Preparation. — in Germany the ores are first 
roasted with sodic chloride, by which they are con- 
verted into argentic chloride (AgCl), thus i — 

SAg + sKaCl + 20, = sAgCI + SO,NaOf 
Argentic From Argentic Sodic 

sulphide. the air. chloride. sulphate. 

The chloride is mixed with water, scrap iron, and 
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into sacks, which act as rude filters ; the greater por- 
tion of the mercury drains off into a trough placed 
underneath, leaving a soft solid amalgam, containing 
15 to 17 per cent, of silver. This is placed on trays, 
in charges of 5 cwt. at a time, Imder a large dis- 
tillatory bell of iron, and a fire is made round the 
upper part of the latter; the mercury volatilizes, 
descends in vapour, and is condensed by cold water 
placed in a trough round the mouth of the bell. A 
spongy mass of silver, containing 70 per cent, silver, 
28 per cent, copper, and other impurities amounting 
to 2 per cent., is left, and is afterwards melted and 
cast into ingots. In South America, where fuel is 
expensive^ the metal is extracted by a somewhat 
different process, the chemistry of the operation being 
rather obscure. 

Silver is often contained in lead ores to such an ex- 
tent that it is profitable to extract it even when it is 
not in greater proportion than three or four ounces of 
silver to a ton of lead. This is done by a process dis- 
covered by Mr. Pattinson, of Newcastle ; the argenti- 
ferous lead is melted in a cast-iron pot, the fire is then 
withdrawn and the metal stirred briskly ; the alloy of 
silver and lead, being more fusible than the lead alone, 
remains in a melted state, while the lead crystallizes 
out, and is removed as it forms by means of an iron 
ladle. This operation is repeated on the more con- 
centrated argentiferous lead until the lead contains 
about 300 ounces of silver to the ton, beyond which 
point it is not found advantageous to carry the con- 
centration. To obtain the silver free from the lead it 
is now submitted to the operation known as cupellation. 
The lead is melted in a reverberatory furnace, in which 
a cupel made of bone-ash is fitted, and a blast of air 
passing over its surface causes that metal to oxidize ; 
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the oxide so formed is absorbed by the cupel, while 
the silver, together with a small proportion of lead, 
remains on its surface, five tons being reduced to three 
cwt. ; this is run off while melted, and when a suffi- 
cient quantity has accumulated, it is submitted a second 
time to the operation, and the silver is obtained free 
from lead. 

Silver maybe precipitated from any of its solutions, 
whether acid or alkaline, by means of the metal nu^- 
nesium. This plan has recently been adopted by 
many photographers for recovering silver from their 
residues. 

The pure metal may be obtained by dissolving 
ordinary silver (which contains copper) in nitric acid, — 

2Ag2 + 6NO2H0 = 4N02Ago + N2O3 + aOHj ; 

Nitric acid. Argentic Nitrous 

nitrate. anhjdride. 

adding sodic chloride to the solution, which precipitates 
argentic chloride, — 

2NO,Ago + 2NaCl = 2AgCl + 2NOaNao; 

Sodic chloride. Argentic Sodic nitrate. 

chloride. 

washing the precipitate by decantation with water, 
and then boiling it with solution of sodic hydrate 
(NaHo) and a few lumps of cane sugar. The boiling 
is continued until the powder becomes completely 
soluble in nitric acid; the liquid is then poured ofiF, 
and the metallic powder washed by decantation : the 
residue is pure silver, and may be at once used for 
the preparation of silver salts, or it may be melted and 
cast into an ingot. 

Properties. — Silver is a brilliant white metal, and 
does not oxidize or lose its brilliancy in pure air. 
Even when melted in air it does not oxidize, but absorbs 
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mechanically about 22 times its bulk of oxygen, which 
it gives up again on becoming solid, giving rise to a 
phenomenon called the " spitting " of the silver. 

It is malleable and ductile, and probably the best 
conductor of heat and electricity. In air containing 
vapour of sulphur or sulphuretted hydrogen it tarni'hes, 
becoming coated with the sulphide (SAgj), which is 
black. This is the reason why silversmiths usually 
bum their gas outside their shops. 

Uses. — Silver is extensively used in making plate, 
in coining, electro-plating, &c. For the two former 
uses it is always alloyed with copper, pure silver being 
too soft to resist wear and tear sufficiently. English 
coins are made of silver alloyed with 7^ per cent, 
copper, and French ones contain 10 per cent. 

Principal Compounds. — The salts of silver are 
without colour if the constituent acid be so, and 
leave in many cases metallic silver after ignition. 
Silver compounds are decomposed by magnesium, 
zinc, iron, copper, ferrous sulphate, and stannous 
chloride, metallic silver being precipitated. 

Argentic OxidO; OAgg — This oxide may be pre- 
pared oy adding sodic hydrate (NaHo) to a solution 
of argentic nitrate, — 

NaHo -f- NOgAgo = AgHo + NOgNao; 

Sodic hydrate. Argentic nitrate. Argentic hydrate. Sodic nitrate. 

and heating the hydrate thus produced to 60°, — 
2AgHo = OAgg + OH2. 

Argentic hydrate. Argentic oxide. Water. 

Argentic Chloride,AgCl.—Whena soluble chloride 
is added to a solution of silver salt, this compound 
is always precipitated, in the form of a white curdy 
solid. It is quite insoluble in water and nitric acid. 
It is sometimes found native, and is then called horn 

o 
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silver. It is decomposed by exposure to light, espe- 
cially if any organic substances are present It is re- 
duced to the metallic state when put into water with 
metallic zinc or iron and a little sulphuric acid. It is 
soluble in ammonic hydrate, potassic cyanide (CNK), 
and in the sodic hyposulphite (SS^ONaOg). 

On the blackening of argentic chloride and other 
silver salts, by exposure to light, depends the process 
of photography as now ordinarily practised. When 
heated, argentic chloride melts at about 260°, and 
sublimes at a higher temperature ; if a current of pure 
and dry hydrogen be passed over it while fused, it is 
reduced to metallic silver with formation of hydro- 
chloric acid :r— 

2AgCl + H2 = Ag2 + 2HCL 
Argentic Hydrogen. Silver. Hydrochloric 
chloride. acid. 

It is also decomposed by sodic carbonate when fused 
with it, metallic silver being produced : — 

4AgCl + 2CONao2=2Ag2 + 4NaCl -f 2CO0 +O2. 

Argentic Sodic Silver, Sodic Carbonic Oxygoi. 

chloride. carbonate. chloride, anhydride. 

Argentic lodidei Agl. — When a soluble iodide 
is added to a solution of a silver salt, this salt is pre- 
cipitated as a pale yellow flocculent solid : — 

N02Ago + KI = Agl + NO2K0. 

Argentic nitrate. Potassic iodide. Aigentic Potassic nitrate. 

iodide. 

It occurs to some extent in nature in Mexico. It is 
insoluble in nitric acid, and nearly so in ammonic 
hydrate (NH4H0) ; in the latter respect being an ex- 
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ception to silver salts generally. It is an important 
agent in the photographic art. 

Argentic Nitrate (lunar caustic, nitrate of silver), 
NOjjAgo. — This important salt is prepared by dis- 
solvmg pure silver in nitric acid. The solution, when 
concentrated by evaporation, yields the salt in square 
anhydrous tables. When melted and poured into cylin- 
drical moulds it forms the lunar* caustic of the surgeon. 
When exposed to light, if impure, the salt blackens, 
from its reduction to metallic silver, especially if any 
oiganic matter be present. It stains the skin black, 
and is employed as a dye for the hair, and for the manu- 
facture of marking-ink for linen. Preparations for 
photography and electro-plating are also made from it. 

Argentic Sulphate. SOaAgOg.— When silver is 
boiled with strong sulphuric acid, sulphurous anhy- 
dride (SO2) is evolved, and argentic sulphate formed : — 

Ag2 -f 2SO2HO2 = S02Ag02 -f SO2 + 2OH2. 

Silver. Sulphuric acid. Argentic sulphate. Sulphurous Water. 

, anhydride. 

It requires ninety times its weight of water for solu- 
tion, and may be crystallized in small rhombic prisms. 
It is formed in separating silver from gold. 

Tests for Silver Compounds. — Hydrochloric acid 
and soluble chlorides, when added to solutions 
of silver salts, precipitate the white curdy argentic 
chloride (AgCl), which is soluble in ammonic hydrate, 
and insoluble in nitric acid. Heated in the reducing 
blowpipe flame with sodic carbonate on charcoal, 
silver compounds are readily reduced to metallic 
silver. 



* From lufia, the moon, the alchemist's name for silver. 
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Uses. — Owing to the difficulty hitherto experienced 
in the preparation of this metal, it has not yet become 
possible to put it to any use. No doubt, when this is 
overcome and its properties are well known, it will be 
found of use in some way or other. 

Principal Compounds. 

The soluble salts of barium, as well as the carbonate, 
are very poisonous; the best antidote is magnesic or 
sodic sulphate. 

Baric Oxide (baryta), BaO. — This substance may 
be prepared either from the naturally occurring sul- 
phate or carbonate. If the sulphate be employed, it 
is ground to powder, mixed with ground charcoal, and 
heated to redness in a crucible, by which means the 
carbon deprives the sulphate of its oxygen, baric sul- 
phide (BaS) and carbonic oxide (CO) being formed : — 

SOgBao" + 4C = 4CO + BaS. 

Baric Carbon. Carbonic Baric 

sulphate. oxide. sulphide. 

The baric sulphide so obtained is decomposed by 
nitric acid, in order to form the nitrate, thus : — 



jNO 



BaS + 2NO2H0 = •{Bao'" -H SH2; 

(NO2 

Baric Nitric Baric Sulphuretted 

sulphide. acid. nitrate. hydroy^en. 

ana the nitrate, after evaporation to dryness, is ignited 
in an iron crucible, by which it is decomposed with 
evolution of nitric peroxide and oxygen, and formation 
of baric oxide : — 
(N0„ 
2^Bao^ = 2BaO + 2N2O4 + Og. 

I NOo ^^^ Ni^"^ Oxygen. 

Baric oxide. tetroxide. 

nitrate. 
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by adding a solution of baric hydrate to its solution 
in very dilute hydrochloric acid ; these plates are 
insoluble in water. When free from water it is a 
white powder resembling magnesic oxide. If heated 
to a higher temperature than that at which it is formed, 
baric peroxide is decomposed, giving up half its 
oxygen and becoming baric oxide again : — 

aBaOg = 2BaO + Og. 

Baric Baric 

peroxide. oxide. 

Or if it be treated with steam at the same temperature 
as it was formed, oxygen is evolved, and baric hydrate 
is produced : — 

2Ba02 + 2OH2 = 2BaHo2 + Og. 

Baric Water. Baric 

peroxide. (as steam). hydrate. 

When treated with acids, baric peroxide is decomposed, 
hydroxyl (H02) being formed (see Hydroxyl) : — 

BaOg + 2HCI = BaCl^ + |0g. 

Baric Hydrochloric Baric ( U-"- 

peroxide. acid. chloride. Hydroxyl. 

It has been proposed to prepare oxygen from air 
by the alternate oxidation of baric oxide and reduction 
of the baric peroxide so produced; but as yet the 
process is not practically carried out, owing to certain 
difl&cvdties which it presents. Baric peroxide is used 
in the laboratory for preparing hydroxyl, and certain 
compounds in organic chemistry called the organic 
peroxides. 

Baric Hydrate (hydrate of baryta), BaHog.— This 
compound is prepared, as already stated, by the action 
of water on baric oxide : — BaO + OH2 = BaHog ; 
or of barium on water : — 2OH2 + Ba = BaHo2 + Hg ; 
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lized in lead mines. It has a high sp. gr., viz., 4*6, 
and the name baryta^ formerly employed for baric 
oxide, was given on this account, being derived from 
the Greek /Japvc (heavy). Baric sulphate is insoluble 
in water, and nearly so in acids, hence it is produced 
as a white precipitate when a solution of a sulphate is 
added to a solution of a barium salt. On account of 
its not being blackened by sulphuretted hydrogen, it 
is used by artists in water-colours as z.permanent white. 
It is not well fitted for use as an oil-colour, as it becomes 
partially transparent when ground with oil ; it is, how- 
ever, used to some extent for adulterating white-lead. 
Baric Carbonate (witherite, carbonate of baryta), 
COBao". — This salt, like the sulphate, is abundant in 
lead mines, in England, Styria, and Siberia. It may 
be prepared by adding a solution of a carbonate to 
a solution of a barium salt ; it then preci'pitates as a 
white powder, insoluble in water : — 

BaClg + COK02 = COBao" + 2KCI. 

Baric Potassic Baric Fotassic 

chloride. carbonate. carbonate. chloride. 

It is used to some extent in place of potassium, 
sodium, and lead compounds, in the manufacture of 
glass, and in the laboratory for preparing barium 
compounds. 

Baric Chloride (muriate of baryta, chloride of 
barium), BaClg. — If baric carbonate be decomposed 
by hydrochlonc acid, — 

COBao" + 2HCI =BaCl2 + CO2 + OH2, 

Baric Hydrochloric Baric Carbonic Water, 

carbonate. acid. chloride, anhydride. 

and the solution filtered and slowly evaporated, crys- 
tals of baric chloride, BaCl2,20H2, are deposited. It 
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Tests for Barium Compounds. — ^Thc most certain 
test for barium compounds is the formation of 
baric sulphate, insoluble in water, acids, and alkalies, 
when a soluble sulphate or sulphuric acid is added to 
their solutions ; the precipitate separates immediately. 
If sodic or ammonic citrate is present in a neutral or 
alkaline solution containing barium, the sulphate is 
not precipitated on adding a solution of a sulphate ; 
but if hydrochloric acid be then added, the sulphate 
is precipitated as usual. 

Potassic chromate (CrOaKog) causes a yellow pre- 
cipitate of baric chromate (Cr02Bao^) in neutral and 
alkaline barium solutions ; the precipitate is insoluble 
in potassic, sodic, and ammonic hydrates, and acetic 
acid. 

Ammonic oxalate, < pQ a^q> precipitates only from 

(CO 
concentrated solutions the white baric oxalate, < Bao", 

(CO 
soluble in acids. 

Barium compounds tinge the Bunsen flame of a 
light green colour, and when examined by the spec- 
troscope are distinguished by several green bands 
occurring in the spectrum. 

Strontium— Sr. 

Atomic weight, 87*5. Molecular weight (probable), 87*5. 
Atomicity, II. Sp. gr., 2*5. 

Special Notice. — Strontium was discovered by Sir 
H. Davy immediately after he discovered barium in 
1809. It is very similar to barium in its properties. 

Occnrrence in Nature.— Strontium is a less 

abundant element than barium. It occurs, similarly 
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to bunin),iii lead mines, as sulphate (SO^Sro'), com- 
waBijf:a3ieiA(elatine; and carbonate (^COSro'), known 
as ihvmtianite. The latter name is derived from 
StroDtiaii, in Aigyllshire, near which town it occms 
both massiTc and in crystals. 

Preparation. — Strontium may be prepared by the 
sune processes as are described for preparing barium. 

Flnperties. — Strontium is a malleable, pale yellow 
inetaL When heated in air it bums wilii a crimson 
flame, farming strondc oxide : — 



It decomposes water with evolution of hydrogen, and 
fbnnation of strontic hydrate : — 



Uses. — As it has not been produced in quantity 
yet, stiontiimi in the metallic state has not been put 
toany nse. 




STRONTIUM COMPOUNDS. 205 

SrO + 0H2 = SrHoj. 

Strontic oxide. Water. Strontic hydrate. 

It is similar to baric hydrate in its properties and uses. 

Strontic Chloride (muriate of strontia), SrCl^. — 
This salt is prepared like baric chloride. It is a 
deliquescent salt, very soluble in water, as also in 
alcohol. It crystallizes in needles as SrCl2,60N^. 

Strontic STllphate (sulphate of strontia, celestme), 
S02Sro*'. — This salt occurs in nature crystallized in 
the same form as baric sulphate ; the density, how- 
ever, of it is much lower, being 39. It is only slightly 
soluble in water and acids. It may be obtained as a 
white precipitate by adding a solution of a sulphate to 
a solution of a strontium salt ; unless the solutions 
are concentrated the precipitate does not separate 
immediately. 

Strontic Carbonate (carbonate of strontia, 
strontianite), COSro''. — As already stated, this salt 
occurs in nature. It is very slightly soluble in water. 
It may be obtained by adding a solution of a carbonate 
to a solution of a strontium salt. It is used for pre- 
paring other strontium compounds. 

(NO2 
Strontic Nitrate (nitrate of strontia), -; Sro". — 

(NO2 
This salt is prepared by decomposmg strontic car- 
bonate or sulphide by dilute nitric acid : — 

(NO, 

(I.) COSro' + 2NO2H0 = -' Sro" + CO^ + OHj. 

' NO2 Carbonic Water. 
Strontic carbonate. Nitric acid. Strontic nitrate, anhydride. 

(a.) SrS + sNOjHo = < Sro" + SHij. 
Strontic ( NOj Sulphuretted 

sulphide, hjrdrogen. 
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mountain ranges, either alone or combined with mag- 
nesic carbonate, forming magrusian limestofu in the 
latter case. Cole spar^ marble^ chalky coral ^ &c., are 
names by which the carbonate is known. 

Preparation. — Calcium may be prepared by the 
same processes as barium, and in addition by the 
following :—(i) By fusing together calcic chloride 
(GaCl2), sodium, and zinc ; the sodium decomposes 
the calcic chloride, liberating calcium, which then 
forms an alloy with the zinc : — 

CaClg + Nag = 2NaCl + Ca. 

Calcic Sodium. Sodic Calcium, 

chloride. chloride. 

The alloy is then heated in a gas carbon crucible to 
a very high temperature, which volatilizes the zinc ; 
the calcium, mixed with a little iron, remaining. (2) 
By fusing together calcic iodide (Ga^e) ^nd sodium : — 

Cal2 + Na, = 2NaI + Ca. 

Caldc Sodic 

iodide. iodide. 

Properties. — Calcium is a malleable, light, yellow 
metBl. Dry air oxidizes it very speedily when the 
surface is continually exposed to its action, forming 
calcic oxide (CaO) ; it also oxidizes in moist air, 
forming calcic hydrate (CaHOg). Heated in air it 
bums with a brilliant white flame, forming calcic 
oxide. It decomposes water at the ordinary tem- 
perature, forming calcic hydrate and evolving hy- 
drogen : — 

2OH2 + Ca = CaHog + Hg. 

Water. Calcic Hydrogen. 

hydrate. 

Strong nitric acid does not act on it unless boiling ; 
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the dilute acid dissolves it readily. When heated and 
plunged into chlorine, or the vapours of bromine, 
iodine, and sulphur, it burns, evolving very bright 
light Mercury readily dissolves it, forming calcium 
amalgam. 

Uses. — Owing to the circumstance that it has not 
yet been produced in quantity at a moderate price, 
calcium has not been put to any use. 

Principal Compounds. 

Calcic Oxide (lime, quicklime, protoxide of cal- 
cium), CaO. — This oxide is obtained by heating the 
carbonate : — 

COCao'' = CaO -f COg. 

Calcic Calcic Carbonic 

carbonate. oxide. anhydride. 

The black limestone of Kilkenny and Derbyshire is 
the best for this purpose. If lime be required abso- 
lutely pure, calcic nitrate is decomposed by ammonic 
carbonate, — 

^Cao^ + COAmOg = COCao" + 2N02Amo, 

(.NO2 Ammonic Calcic Ammonic 

Calcic carbonate. carbonate. nitrate, 

nitrate. 

and the precipitated calcic carbonate ignited to white- 
ness in a crucible. Lime for ordinary purposes is 
obtained by calcining chalk or limestone (impure calcic 
carbonate) in a kiln ; a red heat continued for some 
hours is sufficient to liberate the whole of the carbonic 
anhydride. In the best limekilns the process is car- 
ried on continuously by broken limestone and fuel 
being thrown in at the top, and the lime raked out at 
intervals at the bottom. When the limestone con- 
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tains silica (SiO^), and the temperature is very great, the 
lime refuses to slake, calcic silicate (SiCao'Jhaving been 
formed ; the lime is then said to be overburtied. Pure 
lime is a white infusible solid ; at a high temperature 
it emits a pure white light, and is used for this pur- 
pose in the oxyhydrogen light. ^Vhen sprinkled 
with water it slakes and crumbles into a soft white 
powder, which is calcic hydrate (CaHOg), the tem- 
perature being raised sufficiently to explode gun- 
powder and char wood: carts laden with lime have 
sometimes been set on fire by a shower of rain. 

Calcic oxide is very largely used in the preparation 
of mortar and cements. In making mortar the lime 
is slaked with water (/. ^., is converted into calcic 
hydrate), and one part of this paste is mixed with 
three or four parts of moderately fine sharp sand 
(silicic anhydride, Si02). The reason why mortar 
hardens is not thoroughly understood ; the portions 
exposed to the air absorb carbonic anhydride from 
it, and part of the silicic anhydride unites with the 
lime, forming calcic silicate; the central portions, 
however, still remain as hydrate, even after thousands 
of years. Besides this, calcic oxide is largely used 
in preparing bleaching powder, potassic chlorate and 
hydrate, sodic hydrate, in purifying gas and water, as 
a manure, and in making crucibles, which are infusi- 
ble by the most intense heat known. 

CflJcic Peroxide, Ca02. — This compound is pre- 
pared, like the corresponding strontium one, by add- 
ing hydroxyl to a solution of calcic hydrate : — 

CaHog -h O2H2 = CaOg + 2OH,. 

Calcic Hydroxyl. Calcic Water, 

hydrate. peroxide. 

Calcic Hydrate (slaked lime, hydrate of lime), 

p 
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CaHo2. — As already stated, this compound is pro- 
duced when water is added to calcic oxide ; this is 
the mode of preparing it. This substance is an 
exception to the rule that substances are more 
soluble in hot than cold water, for one part of it 
requires 1,300 parts of boiling water to dissolve it, but 
only 730 parts of cold. The solution is known as 
lime water^ and if exposed to the air absorbs car- 
bonic anhydride from it, forming calcic carbonate, 
which forms as a white film on the surface of the 
solution : — 

CaHog + CO2 = COCao" + OHg. 

Calcic Carbonic Calcic Water. 

hydrate. anhydride. carbonate. 

This formation of calcic carbonate is used as a test for 
the presence of carbonic anhydride in gaseous mix- 
tures. If calcic hydrate be heated to redness, calcic 
oxide is reproduced : — 



CaHOg = 


= CaO + OH2. 


Calcic 


Calcic Water. 


hydrate. 


oxide. 



Calcic hydrate, mixed with water to form* a thin paste, 
is called milk of lime. 

Calcic Carbonate (chalk,limestone,marble,Iceland 
spar,aragonite, calc spar, carbonate of lime), COCao".— 
This is one of the most widely distributed compounds 
in the mineral world, forming whole mountains of 
immense thickness in almost every part of the world. 
It is the chief constituent of chalk, shells, and coral 
reefs. In nature calcic carbonate is seldom pure ; it 
generally contains clay, ferric oxide, and organic matter. 
Limestone caverns are often lined with magnificent 
crystals of calcareous spar, which have been slowly 
deposited from a watery solution. These stalactitic 
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incrustations are often of great beauty. In pure water 
calcic carbonate is scarcely soluble, but when the 
water contains free carbonic acid it is taken up on 
account of the formation of the dihydric-calcic car- 
bonate, which is soluble in water : — 

COCao" + COH02 = CAHogCao". 

Calcic Carbonic Dihydric'Calcic 

carbonate. acid. carbonate. 

If lime water be poured into a vessel containing car- 
bonic anhydride, a milky white precipitate of calcic 
carbonate is formed ; but on agitation, if the carbonic 
anhydride be in excess, the turbidity disappears, and 
a clear, transparent solution of dihydric-calcic car- 
bonate is obtained. If the clear solution is boiled, 
carbonic anhydride is expelled, and calcic carbonate 
again precipitates. All natural waters contain car- 
bonic acid. This soluble carbonate is almost always 
present in river and spring water. In limestone dis- 
tricts it is often present to a very great extent. The 
hardness of water is usually owing to its presence (see 
page 77). Tea-kettles and boilers in which such 
water is heated often become lined with a thick 
incrustation. Dr. Ritterband has proposed a method 
of preventing the formation of this deposit in boilers, 
which consists of throwing into the boiler a small 
quantity of ammonic chloride, when ammonic car- 
bonate is formed, which is volatilized by the high 
temperature, calcic chloride remaining in solution. 
This method is objectionable on account of the cor- 
rosive action of the ammonic carbonate on the 
machinery, and is not applicable to permanently hard 
waters, which generally contain calcic sulphate. All 
the other salts of calcium may be obtained from the 
carbonate by decomposing it by the various acids. 
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It crystallizes as C^Cl^t^QH^, in six-sided prisms, 
which produce cold on solution in water. It is a 
product of many chemical operations, and, owing to 
its great attraction for water, is used for drying gases; for 
absorbing the water produced by combustion of hydro- 
gen in organic analyses ; it is also used as a reagent. 

Calcic Chloro-hypochlorite (bleaching powder, 

chloride of lime), Ca(OCl)CL — This substance has 
already been described (see page 81). 

If bleaching powder be heated its bleaching pro- 
perties are entirely destroyed, and if it be exposed to 
the air in an open vessel it absorbs carbonic anhy- 
dride and evolves chlorine. It thus varies in value 
with its age, the care bestowed on its preparation, and 
its subsequent exclusion from the atmosphere. 

The general outHne of the method pursued in 
bleaching is as follows : — The goods are soaked in a 
dilute solution of bleaching powder, they are then re- 
moved to a vat containing dilute sulphuric acid. The 
bleaching powder now undergoes decomposition by 
the acid, chlorine being liberated : — 

Ca(OCl)Cl + SOgHO^ = SOgCao'' + QHg + Clg. 

Bleaching Sulphuric acid. Calcic sulphate. Water. Chlorine, 
powder. 

The chlorine in contact with the article to be 
bleached causes a complete destruction of the colour- 
ing matter. It acts by decomposing water, setting 
free oxygen, which oxidizes the colour : — 

2OH2 + 2CI2 = 02 + 4HCI. 

Water. Chlorine. Oxygen. Hydrochloric acid. 

As the solutions are very dilute, this process has to be 
repeated several times (see propertiesof chlorine, p. 61). 

(NO, 
Calcic Nitrate (nitrate of lime),-^ Cao'.— This 

(NO, 
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mous quantities as a bye-product in the manufacture 
of sodic carbonate, and is known as soda waste. 

Calcic Fluoride (fluor spar, Derbyshire spar), 
CaFa- — This salt occurs in nature in lead mines, being 
found in Derbyshire, Cornwall, and Cumberland, both 
crystallized and massive. It varies in colour according 
as it is mixed with one or other of various metallic 
oxides. It is very slightly soluble in water. If a 
soluble fluoride or hydrofluoric acid is added to a 
solution of a calcium salt, calcic fluoride precipitates 
as a white gelatinous powder : — 

CaClg + 2HF = CaFo + 2HCI. 

Calcic chloride. Hydrofluoiic Calcic fluoride. Hydrochloric 

acid. acid. 

It is the chief source of the compounds of fluorine ; 
when heated with sulphuric acid it yields hydrofluoric 
acid (see page 139). It is also used as a flux in smelting 
operations. 

Tests for Calcium Compounds » — Sulphuric acid 
and soluble sulphates only cause precipitates of calcic 
sulphate in concentrated solutions, and even in these 
cases it re-dissolves in excess of water. 

Potassic chromate (CrOgKOjj) causes no precipitate, 
as calcic chromate (CrOgCao") is soluble. 

Ammonic oxalate ( \ nQAmo)^^^^^' ^^^" ^^ ^^^^ 
dilute alkaline solutions, an immediate white precipi- 

tate of calcic oxalate, < Cao", soluble in acids. 

(CO 
Examined by the spectroscope, calcium compounds 
are distinguishable by giving a bright orange line and 
a slightly less bright broad green one, besides several 
faint ones. 
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boiled with it, hydrogen being liberated and magnesic 
hydrate formed : — 

2OH2 + Mg = MgHog + H^. 

Water. Magnesium. Magnesic hydrate. Hydrogen. 

Heated in air, it bums with a very intense white light ; 
the sole product is magnesic oxide : — 

O2 + Mg2 = 2MgO. 

Oxygen. Magnesium. Magnesic oxide. 

It can be distilled in an atmosphere of hydrogen, being 
about as volatile as zinc : advantage is taken of this 
property in order to obtain it pure. It is soluble in 
hydrochloric acid and ammonic chloride, but is un- 
acted upon by a mixture of concentrated nitric and 
sulphuric acids unless boiling. It bums brilliantly 
when heated in chlorine and the vapours of bromine, 
iodine, and sulphur. 

Uses. — The light evolved by magnesium when 
burnt being very similar to sunlight, the metal is used 
to some extent for photographic and lighting pur- 
poses. It has been found experimentally by Bunsen 
and Roscoe that a very fine magnesium wire when 
burning emits a light equal to that given by seventy- 
four stearine candles of five to the pound. It has 
been proposed to replace the zinc usually employed 
in Marsh's apparatus in arsenical poisoning cases by 
magnesium on account of its greater freedom from 
arsenic. It displaces silver from its solutions, and is 
employed by the photographer for recovering that 
metal from his waste products. 

Principal Compounds. 

Magnesic Oxide (magnesia, calcined magnesia), 
MgO. — This substance is the only known oxide of 
magnesium. It is prepared by igniting either the 



2l8 THE ELEMEBTIS OF IXOSGAXIC CHEMISTRT. 

artifidallr picpaied caifoonate or nitrate; CM" by burning 
the metal in air or oxy g e n : — 

(i.) COMgo' = MgO + . COg. 

^fagnesic caxbooxte. ^fagnesic oxide. Carbonic anhydride. 

(MO, 

(*.)2^Mgo' = 2MgO + 2NA + Of 

\ MO2 Magncsic oxide. Nitric Oxygen. 

Magnedc nitrate. peroxide. 

(3.) Mfe + Oj = 2MgO. 

Magnesium. Oxjrgen. Magnesic oxide. 

Magnesic oxide is a light, white, infusible, tasteless, 
and nearly insoluble powder. The oxide obtained 
from the nitrate is denser than that from the car- 
bonate. Wlien placed upon red litmus paper and 
moistened with water it turns it blue, showing its 
alkaline nature. The formation of the hydrate, which 
occurs on adding water to it, takes place without any 
evolution of heat : — 

MgO + OH2 = MgHojj. 

Magnesic Water. Magnesic 

oxide. hydrate. 

Its principal use is in medicine. 

Magnesic Hydrate (hydrate of magneaa), 
MgHog. — This is produced, as just stated, by adding 
water to the oxide. It occurs native in crystalline 
scales, forming brucite, 

Magnesic Carbonate (carbonate of magnesia, 
magnesite, magnesia alba), COMgo". — This com- 
pound occurs in nature as magnesite, and combined 
with calcic carbonate forms magnesian limestone or 
dolomite, {jfi^%o"(Z2.o", It is prepared artificially 
by adding a solution of potassic carbonate to a boiling 
solution of a magnesium salt, and suspending the 
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precipitate which is produced in water through which 
carbonic anhydride is passing. The precipitate gra- 
dually dissolves, and the compound crystallizes out as 
COMgo',30H2, as the solution loses part of its car- 
bonic anhydride ; the crystals are efflorescent. 

Magnesia alba^ as the carbonate sold in the shops is 
called, is a mixture of magnesic carbonate and mag- 
nesic hydrate. It may be obtained very pure by PaU 
Hnsofis process^ which consists in heating magnesian 
limestone till the magnesic carbonate becomes mag- 
nesic oxide ; — 

C202Mgo;'Cao" == COCao" -F MgCy' + COg. 

Magnesian Calcic Magnesic Carbonic 

limestone. carbonate. oxide. anhydride. 

It is then mixed with water in a strong iron vessel, 
and carbonic anhydride under pressure is passed into 
it until it ceases to be absorbed ; this dissolves the 
magnesic oxide by converting it into dihydric-mag- 
nesic carbonate, C202,Mgo"Ho2, while the calcic 
carbonate remains undissolved : — 

COCao" + MgO + OH2 + 2CO2 = COCao^' + 

Mixed calcic Water. Carbonic Calcic 

carbonate and anhydride, carbonate, 

magnesic oxide. CsOgMgo'^Ho^. 

Dihydric-magnesic 
carbonate. 

The solution is then run oflf and boiled ; carbonic anhy- 
dride escapes, and the magnesic carbonate is deposited, 
which is drained and dried at a low temperature : — 

CgOgMgo^'Hog = COMgo" + OH2 + CO2. 

Dihydric-magnesic Magnesic Water. Carbonic 

carbonate. carbonate. anhydride. 

Its principal use is in medicine. 

Magnesic Sulphate (sulphate of magnesia, Epsom 
salts), SOgMgo".— This compound occurs in many 
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mineral waters. It is prepared in laige quantities by 
the action of sulphuric acid upon magnesian lime- 
stone:—- 

C202Mgo''Cao''+ 2S02Ho2= S02Cao"+ SOgMgo^f 

Magnesian Sulphuric Calcic Magnesic 

limestone. acid. sulphate. sulphate. 

2OH2 + 2CO2. 

Water. Carbonic 
anhydride. 

When the action of the sulphuric acid has ceased, the 
liqnor is run into a tank, where it remains for three 
hours, in order that the calcic sulphate may precipi- 
tate. It is then evaporated and allowed to crystallize, 
which it does in rhombic prisms, as SOHoaMgo", 
6OH2. 

Magnesic sulphate is soluble in three times its weight 
of water at the ordinary temperature; the solution has 
a nauseous bitter taste. It is largely used by warp-sizers 
for increasing the weight of the warps, — as a species of 
fraud, in fact. It is also used in medicine, and as a 
reagent in the laboratory. When heated, it loses six 
molecules of water, and is left as S02Mgo'',OH2. 

Magnesic Chloride (muriate of magnesia), 
MgClg. — This compound is obtained free from water 
by dissolving magnesic carbonate in hydrochloric 
acid : — 

COMgo^ + 2HCI = MgClg + OH2 + CO2 ; 

Magnesic Hydrochloric Magnesic Water. Carbonic 
carbonate. acid. chloride. anhydride. 

and to the resulting chloride solution adding ammonic 
chloride in sufficient quantity to form magnesic- 
ammonic chloride (MgCl2AmCl). On now evapo- 
rating the solution to dryness and igniting, the ammonic 
chloride sublimes, and anhydrous magnesic chloride 
remains : — 



MAGNESIUM COMPOUNDS. 331 

MgCl2,AmCl =: MgClg + AmCL 

Magnesic-aimnonic Magnesic Amnionic 

chloride. chloride. chloride. 

This addition of ammonic chloride is necessary, as 
otherwise the magnesic chloride undergoes decompo- 
sition with the water on evaporating, magnesic hydrate 
and hydrochloric acid being formed : — 

MgCl, + 2OH, = MgHo, + 2HCI. 
Magnesic Water. Magnesic Hydrochloric 

chloride. hydrate. acid. 

Magnesic chloride is an extremely deliquescent salt ; 
the anhydrous form evolves heat when dissolved in 
water; it crystallizes from its aqueous solution in 
needles having the composition MgCl2,60Hs. When 
the anhydrous salt is heated it fuses, and solidifies in 
confused crystals on cooling. It is used in the 
manufacture of magnesium. 

Magnesic Phosphate, PaOgMgoV— This phos- 
phate is produced when sodic phosphate (PONaOg) is 
added to a solution of a magnesium salt : — 

2PONao3 + sMgCla = PaOgMgo^ + 6NaCl. 

Trisodic Magnesic Magnesic Sodic 

phosphate. chloride. phosphate. chloride. 

The more important phosphates of magnesium are, 
however, hydric-magnesic phosphate (POMgo^'Ho) 
and ammonic-magnesic phosphate (pOMgo'Arao). 
The former is precipitated by adding hydric-disodic 
phosphate (PONaOjHo) to a solution of a magnesium 
salt : — 

SOjiMgo'' + PONaojHo = POMgo"Ho + SOaNao,. 

Magnesic Hydric-disodic Hydric-magnesic Sodic 

sulphate. phosphate. phosphate. sulphate. 

The latter, by adding ammonic chloride and ammonic 
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hydrate, gives a white precipitate of ammonic-magnesic 

phosphate (POMgo'^Amo), which is soluble in acids. 

Heated on charcoal, with a little cobaltous nitrate, 

(NO, 

< Coo , magnesium compounds acquire a pink colour. 

(no. 

Zinc— Zn. 

Atomic weight, 65. Molecular weight, 65. Molecular volume, 
normal. Atomicity, II. Sp. gr., 6*8 to 7*2. 

Special Notice, — ^Zinc was described by Paracelsus in the 
sixteenth century. It is often called i^^//^ in commerce. 

OcCttrrenoe in Nature. — Zinc is found in mode- 
rate abundance as carbonate (GOZno''), known as cala- 
mine; as sulphide (ZnS), known as zinc blende or black 
jack; andaszincic oxide (ZnO), called from its red colour 
(due to ferric and manganic oxides) red oxide of zinc. 
The ores occur in Cumberland, Derbyshire, Flintshire, 
and Somersetshire, in England; Silesia and Carinthia, 
in Germany ; and New Jersey, in the United States. 

Preparation, — In the extraction of zinc, the ore, 
whether sulphide or carbonate, is first roasted, by 
which it is converted into oxide : — 

(i.) COZno" = ZnO + CO2. 

Zincic carbonate. Zincic oxide. Carbonic anhydride. 

(2.)2ZnS + 30a = 2ZnO 4. 2SO2. 

Zincic Oxygen Zincic oxide. Sulphurous 

sulphide. (from the air) . anhydride. 

The roasting of the sulphide is a tedious process, 
owing to the length of time required to convert it into 
oxide. The roasted ore is then mixed with ground 
coal or coke, and introduced (in England) into cruci- 
bles placed in a furnace ; through the bottom of the 
furnace and crucible an iron pipe passes : the carbon 
of the coal deprives the zincic oxide of its oxygen, 
forming carbonic oxide, which passes off as gas, and 
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the zinc being converted into vapour, distils, passing 
down the iron pipe into a vessel containing water, 
where it condenses : — 

ZnO + C = Zn + CO. 

Zincic oxide. Carbon. Zinc. Carbonic oside. 

In Silesia and Belgium the distillation is carried on 
in earthenware retorts. 

Properties.— Zinc is a bluish whit6 metal, brittle 
at ordinary temperatures, and exhibiting a crystalline 
•structure when broken. When heated to between 
loo® and 150° C. it is malleable, and can be rolled into 
sheets; but if it be heated to 170° to 200® C. it becomes 
so brittle as to be easily powdered in a mortar. At 
500** it melts, and, according to Deville, its boiling 
point is 1040® C. If exposed to the air near its boil- 
ing point it takes fire, burning with a brilliant white 
light, and forming zincic oxide. It retains its lustre 
in dry air, but in moist air it is speedily coated with a 
thin film of oxide, which protects the underlying metal 
from further oxidation. When boiled with water, zinc 
slowly decomposes it, evolving hydrogen : — 

2OH2 + Zn = ZnHOg + Hg. 
Water. Zinc. Zincic hydrate. Hydrogen. 

Acids are decomposed by zinc with evolution of hydro- 
gen at the ordinary temperature; and when boiled 
with the hydrates of potassium, sodium, and ammonium, 
hydrogen is also evolved, and a mixed oxide produced 
(see preparation of hydrogen, method 5, page 54). 

Uses. — Zinc is largely used, owing to its cheapness, 
durability, and lightness, as a substitute for l^ad in 
roofing. Iron is coated with zinc in order to prevent 
its oxidation ; the zinc is melted and preserved bom 
oxidation by a layer of ammonic chloride on its siir- 
faice, and the iron (plate or wire) rendered very, ipleaa, 
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is dipped iirto the zinc, which adheres to its surface ; 
the resulting coated plate or wire is known as gaiva" 
nized iron^ the name being given from the fact that the 
galvanic action set up caut^es the zinc to oxidize be- 
fore the iron, and so prevents the iron rusting. Zinc 
enters into the composition of brass^ German silver^ 
and other alloys. In the galvanic battery the positive 
pole is almost invariably made of zinc. Zinc also 
forms the basis of one or two paints. In the labora- 
tory it is in frequent use as a reducing agent, and for 
preparing hydrogen. 

Principal Gompounds. 

Zincio Oxide (oxide of zinc, zinc white), ZnO. — 
This compound is prepared, as already stated, by 
burning zinc in air ; the zinc is distilled into a chamber 
through which air is drawn, the metal bums, and the 
oxide deposits in condensing chambers. It cannot 
be used as a substitute for white-lead in oil paints, as 
it does not combine with the oil. It is occasion- 
ally obtained crystallized in six-sided prisms. When 
hot it is yellow, but becomes white on cooling. It 
is substituted with advantage for red-lead in making 
optical glasses. It dissolves in acids, forming zinc 
salts. It occurs in nature to some extent, forming red 
zinc, or red oxide of zinc, 

Zincio Hydrate (hydrated oxide of zinc), ZnHog. 
— This hydrate is obtained by adding potassic hydrate 
solution to a solution of zinc salt : — 

SOgZno'' + 2KH0 = SO2K02 + ZnHojj. 

^ndc sulphate. Potassichydrate. Potassic sulphate. Zincic hydrate. 

The hydrate is thus obtained as a white precipitate, 
soluble in excess of potassic hydrate. Sodic or 

Q 
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ammonic hydrate may be substituted for the potassic 
hydrate. 

Zincic Sulphide (zinc blende, sulphide of zinc, 
black jack), ZnS. — This substance is the principal 
natural compound of zinc. It occurs both massive 
and crystallized. It is produced artificially as a white 
gelatinous hydrate, by addition of sulphide of potassium, 
sodium, or ammonium to a solution of a salt of zinc : — 

SOjZno" 4- SAm, = SOjAmOj -f ZnS. 

Zincic sulphate. Ammonic Annnonic sulphate. Zincic 

sulphide. sulphide. 

It may also be produced with almost explosive violence 
by rapidly heating a mixture of zinc and mercuric sul- 
phide : — 

HgS + Zn = ZnS + Hg. 

Mercuric sulphide. Zincic sulphide. Mercuiy. 

Zincic sulphide does not fuse when heated ; heated 
in the air, the sulphur bums off as sulphurous anhy- 
dride, and the metal oxidizes to zincic oxide (see 
preparation of zinc). 

The anhydrous sulphide is very slightly acted on 
by sulphuric and hydrochloric acids, but nitric acid 
and a^ua regia speedily decompose it. The hydrated 
sulphide is readily soluble in acids. 

Zincic Chloride (butter of zinc), ZnCIg.— When 
zinc is heated in chlorine or dissolved in hydrochloric 
acid, the product is zincic chloride, — alone in the first 
case, and with simultaneous production of hydrogen 
in the second : — 



Zn 


+ Clg = ZnCl,. 


Zinc. 


Chlorine. Zincic 




chloride. 



(2.) Zn + 2HCI = ZnCl, + H» 

Hydrochloric Zincic Hydrogen, 

acid. chloride. 
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By the first process it is at once obtained in the solid 
form. The solution obtained in the second case loses 
water till it acquires the temperature of 250'' C, when 
it becomes anhydrous ; it still remains fluid, however, 
and if it be allowed to cool, it solidifies to a white, 
highly deliquescent mass, which sublimes at a red 
heat, but may be heated to 370*0. without giving off 
any large amount of fumes. It is fusible at 100" C. 
It is employed in organic research for depriving com- 
pounds of the elements of water; as an antiseptic, 
forming Biirnetfs disinfecting fluid ; as a caustic in 
surgery, it acts very powerfully on the skin ; and in a 
state of fusion, as a hot bath for maintaining a high 
but measurable temperature. It is also used along 
with ammonic chloride to dissolve the film of oxide 
in soldering. 

Zinoic Carbonate (calamine), COZno". — -Zincic 
carbonate occurs in nature as calaminCy both in the 
crystalline state and massive. The word calamine is 
derived fi*om the Latin calamus^ a reed, and is given 
to this compound from the fact that after fusion it 
adheres to the base of the furnace in a reed-like form. 
It is generally greyish or yellowish in colour, and 
readily loses carbonic anhydride when heated, be- 
coming zincic oxide : — 

COZno" = ZnO -f CO2. 

Zincic Zincic Carbonic 

carbonate oxide. anhydride. 

If a solution of sodic carbonate be added to a solu- 
tion of a zinc salt, zincic carbonate is not the only 
product, but the precipitate has a variable composition, 
consisting of a mixture of hydrate and carbonate. It 
is used in preparing other compounds of zinc. 

Zincic Sulphate (white vitriol, sulphate of zinc), 
SOjjZno^ crystallized, SOHOjZno^aOHa.— This salt 
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is the residue left in preparing hydrogen by means of 
zinc and sulphuric acid. It may also be obtained by 
roasting zincic sulphide at a low temperature, treat- 
ing the roasted mass with water and evaporating the 
solution : — 

ZnS + 2O, = SOZno^ 

Zincic Oxygen Zincic 

sulphide. (from air). sulphate. 

Like magnesic sulphate it crystallizes in colourless 
four-sided prisms ; it is consequently said to be iso- 
morphous (Greek, t(Toc, like ; fJiop(prjj form) with it. The 
cr>'stals are efflorescent in dry air, and when heated 
to a moderate temperature give up six molecules of 
water ; the remaining molecule is driven off at a higher 
temperature. It is used in calico-printing and as an 
emetic in medicine. 

Tests for Zinc Compounds. — Ammonic sulphide 
gives a white precipitate of the hydrated sulphide 
(ZnS). Sulphuretted hydrogen causes no precipitate 
from acid solutions of zinc salts, except the acetate. 
The hydrates of potassium, sodium, and ammonium 
precipitate the hydrate (ZllHOa), soluble in excess. 
The carbonates of potassium, sodium, and ammonium 
precipitate a basic carbonate of variable composition, 
which is soluble in excess of ammonic carbonate. 
Heated on charcoal before the blowpipe, zinc com- 
pounds are reduced to metallic zinc, which volatilizes, 
burning and forming white fumes of the oxide. If 
moistened with cobaltous nitrate and heated on 
charcoal, a green infusible mass results. 

Cadmium— Cd. 

Atomic weight, 112. Molecular weight, 112. Molecalar 
volume, normal. I litre of cadmium vapour weighs 56 critfas. 
Atomicity, II. Sp. gr., 8*7. 

Special Notice. — Cadmium was discovered in 18x8, 
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hy Stromeyer, in some zincic oxide which had been 
{Mrepared for medicinal use. He at first concluded it 
was arsenic, from its yielding a yellow sulphide with 
sulphuretted hydrogen, but on further examination 
he found it to be a new element. The name cadmium 
is derived from the Greek Ka^fiua (kadmeia), a term 
applied to calamine and the zincic oxide produced in 
brass furnaces. 

Occurrence in Nature.— Cadmium, as ah-eacjy 
stated, occurs in zinc ores. It is also found as sul- 
phide (CdS), ionoivcig greenockite. 

Preparation. — Owing to the fact that it is more 
volatile than zinc, cadmium is obtained in the same 
operation as that which affords zinc. The cadmium 
sublimes first and is collected separately. 

Properties. — Cadmium is similar to zinc in 
appearance, and also resembles tin to some extent. 
It is so soft as to leave marks on paper. It is both 
ductile and malleable at the ordinary temperature, 
but when heated to 80" C. it is so brittle as to be 
easily powdered. It melts at 315' C, and if exposed 
to the air it bums, producing brownish yellow fumes 
of cadmic oxide. It is soluble in hot hydrochloric 
and sulphuric acids with evolution of hydrogen. Nitric 
acid dissolves it still more freely. 

Uses. — Cadmium is of use in the preparation of 
alloys of low fusibility. An alloy of 3 parts cadmium, 
15 of bismuth, 4 of tin, and 8 of lead, forms a silver- 
white solid of sp. gr, 9*4, which softens between 55*^ 
and 60% and is completely liquid at 60** ; it expands 
slightly on solidifying. Another alloy, consisting of 
I part cadmium, 7 of bismuth, and 6 of lead,melts at 83*. 

Principal Compounds. 

Cadmic OxidCi CdO. — This oxide is obtained 
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prepared by digesting together pulverised metallic 
cadmium and iodine with water, and evaporating the 
solution : — 

Cd + I2 = Cdlg. 

Cadmium. Iodine. Cadmic iodide. 

It is easily crystallized ; the crystals have a pearly 
lustre, and fuse when heated. It is used for iodizing 
collodion for photographic purposes. 

Tests for Cadmium Compounds. — Sulphuretted 
hydrogen and ammonic sulphide precipitate from solu- 
tions of cadmium salts the yellow sulphide (CdS), which 
is insoluble in potassic and sodic sulphides, ammonic 
hydrate, and hydrochloric acid. It is not volatile 
when heated, thus being distinguishable from arsenious 
sulphide (AS2S3), which it otherwise resembles. 

Exposed to the reducing action of carbon, by heat- 
ing in the inner blowpipe flame with sodic carbonate 
on charcoal, cadmium compounds give a yellowish 
brown incrustation of cadmic oxide, from the reduc- 
tion and subsequent oxidation of the metal. 

Mercury (Hydrargyrum) —Hg. 

Atomic weight, 200. Molecular weight, 200. Molecular 
voluine, normal. I litre of mercury vapour weighs 100 criths. 
Atomicity, II. Sp. gr., 13*59. 

• Special Notice, — Mercury was known to the ancients. 
Its scientific name of hydrargyrum is derived from 
the Greek voaip {hudor), water, and &pyvpov {arguron), 
silver, liquid- or ^«/V^-silver. 

Occurrence in Nature.— Mercury occurs native 
to some extent ; the principal ore of it, however, is 
the sulphide (HgS), known as cinnabar. It is occa- 
sionally found as an amalgam with silver, and rarely 
as mercurous chloride (JSLg^'^y called calomel^ and 
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mercuric iodide (Hgl^)- Mercurial ores are found 
in clay slate, red sandstone, and the coal measures. 
The principal localities where they are found are 
Idria in Transylvania, Germany ; Almaden in Spain ; 
California in North America; and Huancavelica in 
Peru, South America. 

Preparation. — ^At Almaden the metal is obtained 
from me sulphide by heating it in a furnace well 
supplied with air ; the sulphur bums off as sulphurous 
anhydride, and the metal passes off in vapour, and is 
condensed by passing into cold earthenware tubes, 
called aludds : — 

HgS + O, = Hg + SOj. 

Mercuric Oxygen Mercury Sulphurous 
sulphide. (from airV sulphide. anhydride. 

By this process great loss of mercury is sustained, 
owing to imperfect condensation. 

In Germany the sulphide is distilled with calcic 
hydrate in cast-iron retorts ; the calcium deprives the 
sulphide of its sulphur \ mercury, and calcic sulphide 
and sulphate resulting : — 

aHgS + 4CaHo2 = 4Hg + sCaS + SOgCao'' + 40Hj. 

Mercuric Calcic Mercury. Calcic Calcic Water, 

sulphide, hydrate. sulphide. sulphate. 

The mercury is condensed in receivers containing 
water. Instead of calcic hydrate, iron borings may be 
substituted; ferrous sulphide and mercury are then 
produced : — 

HgS + Fe = FeS + Hg. 

Mercuric Iron. Ferrous Mercury, 

sulphide. sulphide. 

Properties. — Mercury is a bright, silvery-looking 
liquid, being the only metal liquid at the ordinary 
temperature. It freezes in octahedra at — 40^ C.» and 
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boils at 350^ C. ; it volatilizes slightly at the ordinary 
temperature. It does not oxidize in air unless heated 
to above 300^, when it slowly becomes converted into 
mercuric oxide : — 

2Hg + 02= aHgO. 

Mercury. Oxygen. Mercuric oxide. 

It combines directly with chlorine, bromine, iodine, 
and sulphur. Hydrochloric acid is without action on 
it ; sulphuric acid, when boiled with it, yields sulphur- 
ous anhydride and mercuric sulphate; nitric acid 
attacks it readily, evolving nitric oxide, and forming, 
according as the metal or acid is in excess, mercurous 
or mercuric nitrate. 

Uses. — The principal uses of mercury are in amal- 
gamation in the extraction of gold and silver; in 
silvering and gilding as amalgams ; in the preparation 
of vermiliony the artificial sulphide ; in the construc- 
tion of barometers, thermometers, and other philo- 
sophical instruments ; to replace water in the mercurial 
pneumatic trough ; and for preparing mercurial com- 
pounds used in medicine and manufactures. 

Principal Compounds. 

I. Mercurous Compounds. 

Mercurous Oxide (suboxide of mercury),'Hg'20. 
— This oxide is obtained as a black powder by rub- 
bing up powdered mercurous chloride with potassic 
or sodic hydrate in a mortar : — 

W2CI2 + 2KH0 + 'Hg'aO + 2KCI + OHj. 

Mercurous Potassic Mercurous Potassic Water, 

chloride. hydrate. oxide. chloride. 

If exposed to light or gently heated, it decomposes 
into mercuric oxide and mercury. 
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Merourons Nitrate (subnitrate of mercury), 
NO2 

HggO". — This salt is prepared by acting on an 
NO2 ' 

excess of mercury with nitric acid ; nitric oxide is 
evolved at the same time : — 

(NO 
SNOjHo + 6Hg = 3 ^ Hgjo' + 4OH, + 2N A- 

(no. 

Nitric acid. Mercury. Mercurous Water. Nitric oxide. 

nitrate. 

It is decomposed by water into an insoluble basic and 
a soluble acid salt There are several acid and basic 
mercurous nitrates. It is used in preparing mercurous 
chloride to some extent, in testing oils, and as a re- 
agent 

2 Mercuric Compounds. 

Mercuric Oxide (red or nitric oxide of mercury, 
red precipitate, peroxide of mercury, HgO. — This 
oxide is obtained (i.) by heating mercury in air to 
300°: 

2Hg + O, = 2HgO; 

Mercury. Oxygen. Mercuric oxide. 

(2.) by heating mercuric nitrate : — 

(NO, 
2 { Hgo" = 2HgO + 2N,04 + O, ; 

(no, 

Mercunc nitrate. Nitric peroxide. Oxygen. 

(3.) by decomposing mercuric chloride or nitrate by 
potassic or sodic hydrate ; — 

HgCl, + 2KHo = HgO + 2KCI + OH,. 

Mercuric Potassic Mercuric Potassic Water, 
chloride. hydrate. oxide. chloride. 
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As thus prepared it is of a red or yellow colour; 
that having a yellow colour brings about chemical 
changes more readily than die red ; it appears to be 
an allMropic form of die oxide. When heated it be- 
comes black, but regains its usual colour on coolii^; 
if ignited it is decomposed, metallic mercury and oxy- 
gen being evolved:^ 

2HgO = aHg + O,: 

Mercuric oxklc Mcrcmy- Oxygen* 

It is occasionally used as an oxidizing agent, and for 
preparing small quantities of oxygen. It was from 
this oxide that Priesdey first obtained oxygeiL 

Mercuric Chloride (corrosive sublimate^ bi- 
chloride or perchloride of mercury), HgClf — ^TTris 
important salt may be prepared as follows : — 

(i.) By the direct union of its elements : — 

Hg + Cla = HgCl,. 

Mercury. Chlorine. Mercuric chloride. 

(2,) By subliming a mixture of 2} parts of mercuric 
sulphate and i part of sodic chloride : — 

SO^Hgo' -f 2NaCl = HgCl, + SOjNaOr 

Mercuric sulphate. Sodic chloride. Sodic sulphate. 

Mercuric chloride crystallizes either in needles or 
octahedra. It melts at 265^, and boils at 295''; its 
vapour is very acrid and poisonous. In the solid 
state its flavour is nauseously metallic and bitter. The 
best antidote for it is to swallow immediately the 
whites of several raw eggs, with the albumen of which 
mercuric chloride forms an insoluble compound, and is 
thus rendered inert Ammonic hydrate, when added 
to a solution of it, causes the precipitation of a sub- 
stance called, from its white colour, white precipitaU:-^ 
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IgCl^ + 2AmHo = NHgHg^Cl + AmCl + aQH^. 

jMcTcnric Ammonic Mercurammonic Ammonic Water, 
diloride. hydrate. chloride. chloride. 

(white precipitate). 

Corrosive sublimate is a powerful antiseptic, and is 
OHisequently used in preserved anatomical prepara- 
tions, natural history objects, wood, ropes, &c. A 
solution of I part of the salt in 80 parts water is strong 
enough for most purposes. It is also used in medi- 
cine. 

Mercuric Nitrate (pemitrate of mercury), 
(NO, 
< Hgo*. — This salt is prepared by acting with excess 

iwo, ... 

of nitric acid on mercury, or by dissolving mercuric 
oxide in the acid : — 

(I.) 3Hg + SNOjHo = 3 { Hgo' + 40Hj+ NjOj. 

(NO 

Mercury. Nitric acid. Mercuric Water. Nitric 

nitrate. oxide. 

(HO, 
(2.) HgO + 2N02Ho=-^ Hgo' + OHj. 

Mercuric oxide. [ JJ Oo 

Several basic and acid mercuric nitrates are known. 
If mercuric nitrate is digested with excess of mercury, 
it is converted into mercurous nitrate : — 

( NO2 f NO2. 

^Hgo^ + Hg = lUg^o' 

Mercuric nitrate. Mercury. Mercurous nitrate. 

Mercuric nitrate is used for preparing mercuric oxide. 
Mercuric Sulphide (protosulphide of mercury, 
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cinnabar, .vermilion), HgS. — ^This substance is the 
most abundant ore of mercury. It is of a scarlet 
colour. It is prepared either by a dry or wd process ; 
the dry process consists in throwing an intimate mix- 
ture of I part sulphur and 6 parts mercury, in small 
portions at a time, into red-hot earthen pots, whidi 
arc then closed for 32 hours ; the pots are then 
broken, and the sulphide is ground to powder. 
The wet process consists in digesting together mer- 
cury, sulphur, and solution of potassic pentasulphide 
for several days. When sulphuretted hydrogen is 
passed in excess into a solution of a merciuic salt, 
mercuric sulphide is obtained as a black precipitate, 
which becomes scarlet when sublimed : — 

HgClj + SHj = HgS + 2HCL 

Mercuric Sulphuretted Mercuric Hydrochloric 
chloride. hydrogen. sulphide. acid. 

It usually occurs in nature in fibrous masses, but oc- 
casionally it is found in hexahedral prisms. It is 
largely used as a pigment, being called vermilion. 

Mercuric Sulphate (persulphate of mercUiy), 
SOjHgo". — This salt is obtained by boiling together 
two parts of mercury and three of sulphuric add: 
mercurous sulphate is first formed, and afterwards de- 
composed into mercuric sulphate, sulphurous anhy- 
dride being evolved the whole time : — 

(i.) 2Hg + 2S02Ho2= SOgHggo" -f 2OH. + SOr 

Mercury. Sulphuric Mercurous Water. Sulphuroos 

acid. sulphate. aiwydride. 

(2.)SOjHg20"+ 2SO8H0i,=28O2Hgo"+20H2 +£0^ 

Mercurous Mercuric 

sulphate. sulphate. 

It is obtained as a white crystalline powder, which 
is decomposed by water into a yellow insoluble basic 
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alt, called iurpeth minera/ (S^go"^ and a soluble acid 
>ne. 

Mercuric sulphate is used in the preparation of 
nercurous and mercuric chlorides. 

Mercuric Iodide (red, or biniodide of mercury), 
Biglz' — This salt is obtained as a yellow precipitate, 
ivhich becomes scarlet by exposure to light, by adding 
potassic iodide to a solution of mercuric chloride : — 

HgClg + 2KI = Hgig + 2KCL 

Mercuric Potassic Mercuric Potassic 

chloride. iodide. iodide. chloride. 

Hie quantity of the two salts used must be calculated 
according to the proportions given in the above equa- 
tion, as the iodide is soluble in an excess of either salt. 
It is used in medicine, and in the preparation of 
Nessler's test for ammonia, which is an aqueous solu-* 
tion of potassic iodide saturated with mercuric iodide, 
and rendered powerfully alkaline with potassic or sodic 
hydrate. It produces a yellow or brown coloration, 
with a trace of ammonia. " In the whole range of 
chemical analysis there is no determination which sur- 
passes that of ammonia in point of delicacy. It is 
questionable indeed whether any other approaches it. 
The Nessler test is capable of indicating one part of 
ammonia in 20,000,000 parts of water" ( Wanklyn and 
Chapman). 

Tests far Mermrous Compounds, — Potassic hydrate 
precipitates the black oxide ('Hg'20). Hydrochloric 
acid and soluble chlorides precipitate the white mer- 
curous chloride, which is blackened by solutions of 
potassic, sodic, and ammonic hydrates in excess. 

Tests for Mercuric Compounds, — Potassic hydrate 
precipitates the red oxide (HgO). Sulphuretted hydro- 
gen gives first a dirty white precipitate, which changes 
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It derives its scientific name oi cuprum from the isle of 
Cyprus, where the Greeks mined and smelted it. 

Occorrenoe in Nature. — Copper often occurs in 

nature in the metallic state, the largest masses found 
being over 150 tons in weight; they were obtained 
from the mines on the shore of Lake Superior, United 
States of America. The most abundant ore, however, 
is copper pyrites^ which is a double sulphide of copper 
and iron (FesCujS^) ; but besides it, copper occurs as 

cuprous oxide, forming red or ruby copper orey \ p^O ) ; 

as cuprous sulphide {copper glance^ 'Cu'sS) ; cupric sul- 
phide {Qv^^indigOyOr blue copper) ; malachite, ox\iy(h2Xt(\ 
cupric carbonate (COCOCuHoy, &c. The localities 
for copper ores are Cornwall, Siberia, Hungary, Fah- 
lun, and the district of Lake Superior, United States. 
Preparation. — The principal place where copper- 
smelting is carried on in Great Britain is Swansea, in 
South Wales. The operations for extracting the metal 
from the pyrites are very complex ; but the object in 
view is to convert the ore into moderately pure cuprous 
sulphide ('Cu'2S), called y?«^ metal, by causing the iron 
to form a fusible silicate or slag with silica, which is 
added to the ore when roasted ; the sulphide is then 
roasted to convert it partially into cupric oxide 
(CuO),- 

'Cu'aS + 2O2 = sCuO + SO2; 

Cuprous sulphide. Oxygen (from air). Cupric Sulphurous 

oxide^. anhydride. 

and the mixed sulphide and oxide are then heated, 
without access of air, which causes the two to react on 
each other, copper and sulphurous anhydride being 
formed : — 

R 
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VvCS + 'CnO = 4Cii + SOj. 

CopdMBsotpIude. Cnpiicoiide. Copper. Sulphurous anliydiide. 
Properties. — Copper is a red metal, with a dis- 
agreeable odour and taste when rubbed after moisten- 
ing. It is more malleable than ductile, and is very 
tenacious. When heated nearly to melting it becomes 
brittle, and may be easily powdered. It is slighdy 
volatile at a high temperature. Its melting point, 
estimated by Daniel's pyrometer, is 1090° C. It is 
one f^ the best known conductors of heat and elec- 
tricity. It does not decompose water, even when 
heated to redness. Heated in the air it oxidizes, 
fonniog cupric oxide : — 

aCu -t- Oj = aCuO. 

Cupric oxide. 

If finely divided it bums like tinder. If copper-foil 
be placed in chlorine it takes fire spontaneously, form- 
ing cupric chloride : — 

Cu -1- Clj = CuCla. 

Copric chloride. 
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when hot, cupric sulphate and sulphurous anhydride 
are produced :— 

Cu + 2SO2H02 = SO2CU0" + 2OH2 + SO2. 

Sulphuric acid, Cupric sulphate, Water. Sulphurous 

anhydride. 

Introduced into the flame of a Bunsen's burner, copper 
tinges it green. 

Uses. — Copper is largely used in sheathing ships, 
in making boilers for marine engines, vats for dyers, 
&c. The alloy* now used for the bronze coinage, 
consists of 95 parts copper, 4 parts tin, and i part 
zinc; brass consists of about 64 parts copper and 
36 zinc ; gun-metaly of 90 parts copper and 10 of tin ; 
and bronze^ of 91 parts copper, 6 parts of zinc, 2 of tin, 
and I of lead. 

Cupric Compounds. 

Cupric Oxide (black oxide of copper, copper 
scales, copper oxide, copper monoxide, protoxide of 
copper), CuO. — This oxide is prepared by the follow- 
ing processes : — (i) By igniting cupric nitrate : — 

(N02 
2 1 Cuo" = 2CuO + 2N2O4 + O2. 

iN02 

Cupric nitrate. Cupric oxide. Nitric peroxide. Oxygen. 

(2) By igniting cupric carbonate : — 
COCuo" = CuO + COg- 

Cupric carbonate. Carbonic anhydride. 

(3) By decomposing cupric sulphate by potassic 
hydrate, and boiling the blue hydrate, which is pre- 
cipitated, in water : — 

* An alloy is a mixture pf metals. 
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{a)SOjCuo'' + 2KH0 = CnHO( + SOjKOy 

Cnpric sulphate. Potassic Capric hydrate. Potaaac 

hTdrate. sulphate. 

(*) (CuHog = Cn + OHg. 

Water. 

Cupric oxide eo obtained is a black powder, which 
quickly absorbs moisture fhHn the air. It is soluble 
in oils, and hcnee may be the cause of accidental 
poisoning, if the copper and brass pans used in culi- 
nary operations are not kept free from it. When 
heated it does not give up its oxygen ; but if hydrogen 
or coal gas be passed over it while hot, it gives 
up its oxygen to them, with evolution of light and 
heat :— 

CaO + Hj = Cu + OHj. 

Cupric oxide. Hydcogen. Copper. Water. 

When fused with glass it colours it of a beautifiil green 
colour. It dissolves in most acids, forniing cuptic 

's used in organic anajys' 




(2.) 
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a. CuO + 2HCI = CuCl, + OHf 

Cupric Hydrochloric Cupric Water, 
oxide. acid. chloride. 

h. COCuo" + 2HCI = CuCIl + OH2 + CO2. 

Cupric Carbonic 

carbonate. anhydride. 



It crystallizes in green deliquescent needles, having 
the composition GuCl2,20H3* Its solution, if con- 
centrated, is green ; when dilute it is blue ; and the 
solid salt, when deprived of its water of crystalliza- 
tion, is somewhat coppery in its hue. It fuses when 
heated, and at a red heat is converted into cuprous 
chloride, losing half its chlorine : — 

2CuCl^ = 'Cu'aCla + Cla. 

Cupric chlonde. Cuprous chloride. Chlorine* 

It is very soluble in alcohol ; the solution bums with 
an intense green flame. 

Cupric Sulphate (sulphate of copper, bluestone^ 
blue vitriol), S02Cuo^ — This, the most important salt 
of copper, is prepared (i) by boiling together Copper 
and sulphuric acid (see p. 243 for equation) ; (2) by 
roasting or natural oxidation of copper pyrites ; (3) by 
dissolving cupric oxide in sulphuric acid,--' 

CuO + SO2H02 = SOgCuo" + OH2; 

Cupric oxide. Sulphuric acid. Cupric sulphate. Water. 

and (4) by decomposing argentic sulphate (in refining 
silver) solution by plates of copper, — 

SOaAgOa + Cu = SOaCuo" + Ag^. 
Argentic sulphate. Copper. Cupric sulphate. Silver. 

Cupric sulphate crystallizes as SOHo3Cuo",4QHain 
large blue rhombs. At the boiling point of water it 
loses four molecules of water, and at 204** C. it is 



i\i powder, wbiTh becooes 
.T. h nki-ji up this waier 

:(>rniatioo of Schid^s and 
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.■•.iiiric Hulphace occjis in 

wmiiliir. SHo^i'OCu'Ho).. 
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printing wall-papers, and for dyeing ; but it is a dan- 
gerous substance to use for such purposes, as it easily 
rubs off the paper and ploth^and will occasion arsenical 
poisoning if inhaled with the breath. It may easily be 
detected by introducing bits of the paper or cloth into 
Marsh's apparatus (see p. 163). Schweinfurth great 
is a mixture of cupric acetate and cupric arsenite. 

Cuprous Compounds. 

Cuprous Oxide (suboxide of copper, cupreous 
oxide, red oxide of copper), 'Cu'20. — This oxide 
occurs in nature, forming red or ruby copper ore. It is 
prepared artificially (i) by boiling a solution of cupric 
sulphate, to which axl excess of potassic hydrate has 
been added, with sugar ; the sugar acts as a reducing 
agent, and the cuprous oxide precipitates as a red 
powder; (2) by heating together cupric oxide and 
copper : — 

Cu"0 -h Cu = 'Cu'20. 

Cupric oxide. Cuprous oxide. 

Its principal use is to stain glass of a ruby-red colour. 
Cuprous Hydride (hydride of copper), CUiHj.— 
This compound is prepared by adding hypophos- 
phorous acid (POH2H0) to a solution of cupric sul- 
phate ; the hydride precipitates as a brown powder. 
When heated to 70° C. it decomposes, hydrogen and 
copper being produced : — 

CU2H2 = Cu + Ha. 

Cuprous hydride. 

If introduced into chlorine it takes fire spontane- 
ously : — 

CU2Ha + 2CI2 = CU2CI2 + 2HCI. 

Cuprous Chlorine. Cuprous Hydrochloric 

hydrate. chloride. acid. 
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Acted on by hydrochloric acid, it is converted into 
cuprous chloride with evolution of hydrogen :— 

CUjH, 4- 2HCI = 'Cu'jCla 4- 2H,. 

This evolution of hydrogen proves that this gas, when 
in the free or molecular state, is not in the form of a 
single atom, but of two atoms, the bond of the one 
satisfying the bond of the other. 

Cuprous Sulphide (cupreous sulphide, subsul- 
phide of copper^ 'Cu'sS. — This sulphide forms the 
mineral called copper glance, which occurs both mas- 
sive and in six-sided prisms. ' It may be prepared by 
heating together 3 parts sulphur and 8 parts copper ; 
the combination takes place with incandescence : — 

2CU3 + S, = 2'Cu'2S. 

Cuprous sulphide* 

It forms Xhtfine metal produced in copper-smelting. 
It fuses easily, and is soluble in nitric acid and aqua 
regia. 

Cuprous Chloride (cupreous chloride, subchlo- 
ride of copper), 'Cu'jCl2. — This salt is prepared (i) 
by digesting together metallic copper and cupric 
chloride, — 

CuClg -«- Cu = 'Cu'aClg; 

Cupric chloride. Cuprous chloride. 

(2) by dissolving a mixture of cupric oxide and copper 
in hydrochloric acid, — 

CuO -f Cu + 2HCI = 'Cu',Cl, + OH,; 

Cupric Hydrochloric Cuprous Water, 

oxide. acid. chloride. 

(3) by distilling copper with twice its weight of 
mercuric chloride,— 

2Cu + HgCl, = 'Cu'.Cl, + Hg. 

Mercuric chloride. 
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Cuprous chloride is a white solid, insoluble in water, 
luble slightly in strong hydrochloric acid ; the chlo- 
ie is precipitated on diluting the acid with water, 
le solution of it in hydrochloric acid absorbs carbonic 
ide gas (CO), forming a compound which crystallizes 
pearly scales. If the hydrochloric acid solution is 
posed to the air, oxygen is absorbed, and a pale bluish 
een precipitate, known as Brunswick green^ used as a 
Int, precipitates. The compound occurs in nature 
atacamite. 

Tests for Copper Compounds.— CW/riw^ Salts 

id Compounds, — Heated on charcoal in inner blow- 
pe flame with sodic carbonate they yield a bead of 
Btallic copper. They are insoluble in water, and 
luble in hydrochloric acid : this solution absorbs 
rbonic oxide. Having been little studied, the 
5ts for them are not thoroughly known. 
Cupric Salts and Compounds, — The colour of their 
lutions is blue or green. Sulphuretted hydrogen 
id ammonic sulphide precipitate the black hydrated 
Iphide (CuS), almost insoluble in ammonic sul- 
ide. Potassic and sodic hydrates in excess pred* 
tate cupric hydrate (CUH02), which when boiled 
th the liquid becomes black from the formation of 
pric oxide (CuO). Ammonic hydrate causes the 
me precipitate; but when in excess it redissolves it, 
rming a splendid dark blue solution, very charac- 
ristic of copper. Potassic ferrocyanide gives a dark 
irple-red precipitate of cupric ferrocyanide, insoluble 
hydrochloric acid. A piece of bright iron dipped 
to a slightly acidulated solution of a cupric salt 
comes coated with red metallic copper. Heated 
th sodic carbonate on charcoal in inner blowpipe 
.me a bead of copper is obtained. 
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Triad Metals. 
Gold— Au2. 

Atomic weight, 1967. Atomicity, III. and L Sp. gr., 

19*3 to 19 5. 

Occurrence in Nature.— This metal is widely 

found in very small quantities throughout nature. 
It is always obtained in the metallic state, beautifully 
crystallized in a cubic form, associated with sand, 
quartz, and oxide of iron. The sands of various 
rivers contain it in a finely divided state. This is the 
gold-dust of commerce. 

Preparation. — The quartz containing the gold is 
ground to powder, agitated with mercury, which takes 
up the gold, forming gold amalgam^ and the amalgam 
is afterwards distilled, as in the process for preparing 
silver. 

Properties. — Gold is a rich yellow metal, possess- 
ing great lustre. It is about as hard as lead, is very 
ductile, and the most malleable of the metals. The 
thinnest gold leaf is not more than i-28o,oootb of 
an inch thick. It melts at 11 00' C. It does not 
oxidize in either dry or moist air at any temperature, 
and is unacted on by any single acid except selenic 
(3e02Ho2) ; the solvent for it is a mixture of nitric 
and hydrochloric acids, which on this account is called 
aqua regia (royal water). Any mixture evolving or 
containing free chlorine will dissolve it. When po- 
tassic or so die hydrates are fused on it the metal is not 
corroded, and hence it is used for making crucibles in 
which these substances can be fused. At the ordinaiy 
temperature it combines directly with chlorine and 
bromine, and with phosphorus when heated. 

Uses. — Gold is used for gilding on porcelain and 
wood^ and in the galvanic battery for electro-gilding 
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6n metals. Bohemian ruby glass is coloured by gold. 
It is also largely used for coining. Gold coins are 
alloyed with a proportion of silver or copper to 
increase their hardness and durability. English 
standard gold contains i-i2th of copper. Gold forms 
a semi-solid amalgam with mercury. 

Auric Compounds* 

Auric Chloride (terchloride of gold, gold ter- 
cbloride), AuClg. — When gold is dissolved in agua 
r^ia this salt is produced : — 

Aqua regia. 

AU2+2NO2H0 + 6HCI= 2AUCI3 + 4OH2 + f NO 

Nitric Hydrochloric Auric Water. Nitric 

acid. acid. chloride. oxide. 

This is the most important compound of gold, and is 
a deliquescent yellow solid, soluble in water, alcohol, 
and ether. Ether removes it from its aqueous solution. 
It forms a crystalline compound with hydrochloric 
acid (AuCl3,HCl). It is used in gilding, both electro- 
type and dipping. For dipping the chloride is mixed 
with hydric-sodic carbonate in excess, and the articles, 
after being cleansed with dilute nitric acid, are boiled 
in the solution. It is also extensively used in photo- 
graphy for giving the tone to paper pictures. 

Auric Oxide, AU2O3, is also known. 

Aurous Chloride (protochloride of gold, gold 
monochloride), AuCl. — Auric chloride when heated 
to 185° C. fuses, and loses a molecule of chlorine, 
forming aurous chloride : — 

AuClg = AuCl + CI2. 

Auric chloride. Aurous chloride. Chlorine. 

it is a yellow, unstable, slightly soluble powder. 
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Boiled with water it is deoNxiposed into auric chloride \\ 
and gold : — 

3AUCI = Auo + AuClg. 

Aurous chloride. Gold. Auric chloride. 

Heated to 204° C. it is decomposed into its elements. 

Aurous Oxide, 'Au'20, is also known. 

Tests for Gold Compounds. — Gold compounds are 
recognised by the following tests : — On addition of 
ferrous sulphate (SOgFeo') to acidulated solutions 
free from nitric acid, a brown precipitate of metallic 
gold is produced. A bar. of metsdlic tin causes ft 
precipitate of the purple of Cassius. Oxalic add 

( / COHo) ^^^ reduces gold compounds to the 
metallic state. 

Tetrad Metals. 

Aluminium— AL 

Atomic weight, 27*5.* Molecular weight, unknown. Molecdhr 
volume, unknown. Atomicity, IV., but always acts as a pseado* 
triad. Sp. gr., 2*6. 

Special Notice, — Aluminium was discovered by 
Wohler in 1828. He obtained it by decomposiiC 
aluminic chloride by means of potasaum. It deriTei 
its name from alum^ of which it is a constituent. 

Occurrence in Nature.— Aluminium is a very 

abundant element It occurs in nature in various 
silicates; e, g,y clay^ shale^ kaolin^ halloysite^ fuUei^y 
earthy albite, felspary labradorite^ mica^ harnUiaii^ 
gneisSy porphyry y granite^ syenite^ basaity chlorite^ &c ; 

as hydrate, forming gibbsite ( < §\v{o] ^^^ diaspore 
( i AlOHo) ' ^ oxide, forming corundum^ sapphire^ 
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and ruby ( \ "aJq^ ) ; as magnesic aluminate, form- 
ing spinelle \ \ "^OjMgo" \ ; as basic sulphate, form- 
ing aluminite^ SO2(Al2O2Ho4)'^,70H2, and alunite or 
alumsione; and as fluoride, combined with sodic fluo- 
ride, forming cryolite (Ali{Fjn6NaF). 

Preparation.— Alummium may be obtained (i) 
by introducing into a platinum tube, closed at oae 
end, aluminic chloride (Al2Cle)) with an equal quan- 
tity of potassium loosely wrapped up in platinum-foil. 
TThe closed end of the tube is then heated, so as to 
sublime the chloride, bringing its vapours into contact 
with the melted potassium : — 

{'^''Cl* + 3K2 = 2AI -h 6KCL 

Aluminic chloride. Potassium. Aluminium. Potassic chloride. 

The metal is separated from the potassic chloride by 
cold water. 

(2.^ It is now largely prepared from the mineral 
cryoltte. Alternate layers of cryolite and sodium are 
introduced into a crucible and strongly heated; 
ahuninium is separated and sodic fluoride formed : — 

'Al'V^e.^NaF + 3Na2 = i2NaF + 2AI. 

Cryolite. Sodium. Sodic fluoride. Aluminium. 

Properties. — Aluminium is a very light, malleable 
metal, resembling zinc. It is also ductile, and very 
sonorous. Heated in air or oxygen to redness it 
bums, forming aluminic oxide : — 



4AI + 3O2 = 2'Al^O^. 

Aluminic oxide. 

It melts at a lower temperature than silver, and crys- 
tallizes on cooling in regular octahedra. Hydro- 







:\ -TTTfiS. 



ALUMINIC COMPOUNDS. 255 

Al2Ho« = l^go + sOHj.. 

Aluminic oxide. Water, 

Thus obtained, aluminic oxide is a white, tasteless 
mass, scarcely affected by acids. It is fusible before 
the oxyhydrogen blowpipe. 

Aluminic Hydrate (hydrate of alumina), I^Ho^- 
— Diaspore and gibbsite are naturally occurring hy- 
drateSjthe former having the composition ( < AlOHo}' 

the latter( i ^mo)'~^^ ^^ artificially obtained by 

adding ammonic hydrate to a solution of an aluminium 
salt (see preceding paragraph for equation). It is a 
white, bulky, gelatinous powder, soluble in potassic 
hydrate and acids. In combination with colouring 
matters it forms the pigments called lakes^ and it is 
extensively used as a mordant for fixing colours on 
cloth in dyeing. A modification of aluminic hydrate 
is known, which is largely soluble in water containing 
a small quantity of acetic acid. 

Sodic Aluminate (aluminate of soda), I ^1 jlJ^Q^ 

— ^This compound is prepared by heating bauxite,^ a 
mineral containing 75 per cent, of aluminic oxide. 
This is heated with sodic carbonate until a portion of 
the mass no longer effervesces with an acid ; it is then 
treated with water, filtered, and evaporated to dryness. 
It forms a white, infusible solid, freely soluble in 
water. It is used instead of alum in preparing lakes 
and in dyeing. It is converted into aluminic hydrate 
and sodic carbonate by passing carbonic anhydride 
through it. 
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When solutions of sodic alnminat** and alimumc 
chloride are mixed, diey undergo mutual decompo- 
sition, aluminic hydrate and sodic chloride bong 
formed, and the former precipitating : — 

{US: - MO. . 60H,= , { ^g^ .6Naa 

Sodic Alaminic Water. Almninic Sodic 

altuninate. chloride. hydnte. dilonde. 

Aluminic Chloride (chloride of almmnhun), 
Al'"2Cl6 or { AiQ^.— This compound cannot be ob- 
tained free from water by dissolving aluminic oxide in 
hydrochloric acid and evaporating the solution to 
dryness, as the acid is expelled during the evapora- 
tion. It is therefore prepared as follows : — ^Aluminic 
oxide is mixed with charcoal and strongly calcined 
in a covered crucible. The contents of the crucible 
are then transferred to a porcelain tube heated to 
redness in a furnace ; a current of chlorine is passed 
through the tube, when the aluminic chloride con- 
denses in the cold part of the apparatus : — 

mo . 3C1. + 3C = {^g; .- 3G0. 

Aluminic oxide. Chlorine. Carbon. Aluminic Carbonic 

chloride. oxide, 

Aluminic chloride is a deliquescent salt, and hisses 
when thrown on water. The solution on evaporation 
yields crystals having the composition Al2Cle9i20H2> 
It is used in the manui&cture of aluminium. 

Aluminic Fluoride, { ^^^ or'Al'"2F6--TWssalt 

occurs, combined with sodic fluoride, in nature, 
and is obtained in this form in large quantities from 
Greenland ; it is known as cryolite. It is used in the 
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manufacture of aluminium, of sodic aluminate, and 
hoi^ast porcdmn. 

Aluminic Sulphate (sesquisulphate of alumi- 
nium, aluminium sulphate, concentrated alum), 
S30e(AljOer,i80H2.— This salt is obtained by boiling 
siilphuric acid with burnt clay, or by saturating dilute 
sulphuric acid with aluminic hydrate and evaporating, 
when thin crystallized scales of aluminic sulphate are 
obtained ; it has an acid reaction, and when heated 
to redness is decomposed. It combines with the 
sulphates of sodium, potassium, and ammonium, 
forming double salts. A basic aluminic sulphate, 
known as aluminiiey is found in nature ; it is aluminic 
sulphate-tetrahydrate (SOaCALOgHo^]",; OH2). 

Dipotassic - aluminic Tetrasulphate (alum, 

potash alum, aluminium potash alum, sulphate of alu- 
minium and potassium), S4OgKo2(Al2Og)^',240H2. — 
Alum is manufactured (i) from a slaty kind of clay 
which contains ferric disulphide (FeSg). This o^um 
schist^ as it is called, is first gently roasted, then 
moistened with water and exposed to the atmo- 
sphere. The sulphur of the disulphide is converted 
into sulphuric acid by combination with oxygen from 
the air. Ferrous sulphate and aluminic sulphate are 
produced. These salts are dissolved by lixiviation 
with water, and the solution is concentrated by 
evaporation, and mixed with potassic chloride, which 
decomposes the iron salt, forming ferrous chloride 
and potassic sulphate. This potassic sulphate then 
combines with the aluminic sulphate to form alum. 
The ferrous chloride, which is very soluble in water, 
is separated from the alum by crystallization : — 
a. 2FeS2 + 7O2 + 2OH2 = 2S02Feo" + 2SO2H0,. 

Ferric Oxygen. Water. Ferrous Sulphuric 

disulphide. sulphate. add. 

S 
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t.^OJiAifit>"' 3SOJI<v=S,0,(.UOJ"+38iOHo, 
Alnmiiuc Solptumc Alominic SQiix 

alioie. acid. ailphate. lol 

* 8,6,(A1,0.)" + SOjKoj + 24OIL = 
AhBtoic Mil]diale. Pousnc snl[diate. Who-. 

it* Bv idding potassic sulphate to almninic sApbU, 
jexsccd as described under that substance, 

A;=x cn-stalliies in regular octaheiira, which melt 
ii Akt »iter of crystallization when heated ; and if 
ftt 1m«: ^e continued, a white, infusible, porous mass 
w' si>>T\i-Oci or fumt a/um {the aiumen tutum of tit 
*^ps5: » Sri*- Alum is laigely used in dyeing asa 
«f-T«)n>- r^ ahuninic hydrate, which easily separata 
wtm cv-rt: oc fibre is put into a solution of it, attache! 
4ev4' SkI V :!ie colouring matter and the fibre, and 
ft 'tiRs ^ xViiMi oa the cloth. It is also used in 

TN; WW «i"" H»i now become generic, as it is 
I, atJJiglnfeSe, and iron may each 
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octahedron ; they cannot therefore be separated by 
crystaUization, for they crystallize on each other's 
crystals. 

Ammonia alum is now largely manufactured, and is 
gradually superseding common potash alum. 

Aluminic Silicates. — As already stated, these 
silicates are- numerous ; they are also important, as, 
owing to their abundance and peculiar properties, 
they are of great use for many purposes. All c/ays are 
aluminic silicates, but their composition is very vari- 
able. The following analysis of the best Stourbridge 
fireclay will show to some extent their composition :— 

Silica (SiOj) . . . . 72*04 

Aluminic oxide (AljOg) . . 18*79 

Water (0 Ha). .... 670 

Ferric oxide (FOjOg) . . . i'68 

Calcic oxide (CaO) . . . 0-69 
Magnesic oxide (MgO) \ 

Potassic (OKj) and sodic oxides > traces. 
(ONaa) . . . . j 

9990 

Clays containing calcic carbonate, indicated by their 
effervescing on addition of hydrochloric acid, are 
called maris. These silicates are used in the manu- 
fecture of earthenware and porcelain, of glass, of 
alum, &c. 

Tests for Aluminium Compounds. — Potassic or 
sodic hydrate, added drop by drop, causes a white 
gelatinous precipitate of aluminic hydrate (Al2H0g), 
which is soluble in excess of the reagent. Ammonic 
hydrate causes the same precipitate, but does not 
redissolve it when in excess. Ammonic sulphide also 
precipitates the hydrate with simultaneous evolution 
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of sulphuretted hydrogen (SH^). Heated on chair- 
coal with cobaltous nitrate, aluminic compounds gir^ 
a blue mass. 

Platinum— Pt 

Atomic weight, 197*12. Atomicity, IV. and II. Sp. gr., 21*5. 

Special Notice. — ^This metal was discovered in 1741, 
l^ Wood, an assay-master in Jamaica. Its name 
signifies lUtle silver. 

Occurrence in Nature. — Platinum occurs in 

nature in admixture, as alloys, with the metals 
rhodium, palladium, iridium, ruthenium, osmium, 
gold, silver, copper, iron, and lead. The localities 
where it occurs are the Ural Mountains in Russia, 
Mexico, Brazil, California, and Australia. 

Preparation. — Wollaston has the honour of 
having invented the process by which platinum was 
first extracted. He treated the ore with aqtia r^Oy 
which removes the most easily oxidizable metals first, 
and on continuing the digestion with application of 
heat the platinum dissolves : — 

Aqua regia. 

aPt + 8HC1 + 4NOijHo = 2RCI4 + { §0 "^ 

Hydrochloric Nitric Platinic Nitric 

acid. acid. chloride. oxide. 

N2O, + 60Hj. 

Nitric peroxide. Water. 

When cQmplete solution has occurred, or when 
nothing soluble remains, the liquid is decanted and 
mixed with a solution of ammonic chloride; this 
causes the separation of a double chloride of am- 
monium and platinum (PtCl4,2AmCl) in yellow 
crystaJs. The crystals are dried and ignited, the 
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ignition decomposes them, ammonic chloride and 
dilorine being evolved, and platinum in a state 
known as spongy platinum remains : — 

PtCl4,2AmCl = 2AmCl + 2CI2 4- Pt 
Double chloride Amnionic Chlorine. Platinum, 

of Pt and NH4. chloride. 

The platinum is washed, put into a brass mould, and 
pressed ; the mass becomes compact, and assumes a 
metallic appearance. It is then heated in a wind 
furnace, and hammered on its ends into an ingot. 

MM. Deville and Debray fuse the platinum in a 
crucible made of calcic oxide, by means of the oxy- 
hydrc^en flame. 

Properties. — Platinum is a white, lustrous metal, 
about as hard as copper. It is equal to iron in duc- 
tility, and very tenacious. It is infusible at all known 
forge-heats, but can be converted into vapour by the 
oxyhydrogen blowpipe flame or the heat of the electric 
arc. Its sp. gr. is the same as those of osmium and 
iridium, these three metals being the heaviest sub- 
stances known. It is the least expansive of the metals 
under heat, its co-efficient of expansion being nearly the 
same as that of glass, and hence it can be fused into 
that substance, a property which often admits of appli- 
cation in chemical apparatus. It is not oxidized at any 
temperature in air ; no single acid has any effect on it, 
but it is dissolved, though only slowly, by aqua regia : 
heated to redness with nitrates or hydrates, it is 
corroded. Compounds of easily reducible metals 
ought never to be heated in platinum crucibles, as 
they unite with the platinum, forming a readily fusible 
alloy, and so destroy the crucible. Spongy platinum 
becomes red-hot in a jet of hydrogen gas. 

UseSf — Platinum is used for tl^ manufacture of 
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Tests Jar Platinum Compounds. — Fiatinic com- 
pounds give a yellow precipitate of double chloride 
(PtCl4,2KCl or PtCl4,2AmCl) with potassic or am- 
monic chloride. (See Platinic Chloride.) Sulphuretted 
hydrogen precipitates the black sulphide (PtSg), in- 
soluble in nitric acid. Ammonic sulphide gives the 
same precipitate, and redissolves it when present in 
large excess. The double chloride with ammonium 
is decomposed by heat, yielding metallic platinum. 

Lead—Pb. 

Atomic weight, 207. Atomicity, IV. and 11., also occasionally 

a pseudo-triad. Sp. gr., 11*445* 

Occurrence in Nature. — Lead occurs in nature 
as sulphide (PbS), known as galena and lead glance. 
It is also found occasionally as carbonate (COPbo"), 
known as lead spar and white lead ore. England and 
Spain yield it in largest quantities. 

Preparation. — The sulphide is separated mechan* 
ically from the other substances with which it is 
mixed, and is then roasted in a reverberatory furnace, 
through which air passes; part of the sulphur bums off, 
part of the lead is converted into oxide, and part into 
sulphate : — 

(i.) 2PbS + 3O2 = 2PbO + 2SO2. 

Plumbic Oxygen. Plumbic oxide. Sulphurous 

sulphide. anhydride. 

(2.) PbS + 2O2 = so2Pbo^ 

Plumbic sulphate. 

When this oxidation has proceeded far enough, the 
air current is cut off, the furnace doors are closed, and 
the temperature raised, the sulphate and oxide react 
upon the sulphide, sulphurous anhydride is evolved, 
and metallic lead remains : — 
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(I.) PbS + 2PbO = 3Pb + SOy 

Plumbic sulphide. Plumbic oxide. Lead. Sulphurous anhydride. 

(a.) PbS + S02Pbo* = 2Pb + 2SO2. 
Plumbic sulphate. 

Properties. — Lead is of a bluish white colour, aad 
so soft as to leave marks when rubbed on paper. It is 
neither very malleable nor very ductile. It melts at 
334* C, and contracts on cooling ; it may be crys- 
tallized in cubic or octahedral crystals. It speedily 
tamishe s in air, and also in pure water if exposed to 
the air at same time ; a white film makes its appear- 
ance, covering the whole of the lead. This deposit is 
chiefly due to the action of the carbonic anhydride in 
the water, and consists of a combination of plumbic 
carbonate and hydrate, COPbo'^PbHog. When heated 
in air it oxidizes rapidly, giving off white fumes of 
oxide ; and if in a finely divided state, as obtained by 
igniting its tartrate in a narrow tube to which air has 
no access, it takes fire in air spontaneously. Sulphuric 
and hydrochloric acids have very little action on it, 
even when boiling ; but nitric acid dissolves it readily> 
evolving nitric oxide : — 

3Pb+8N02Ho=3Jpbo^ + 4OH2 + fgg. 

Nitric acid. Plumbic nitrate. Water. Nitric oxide. 

Lead is nearly pure as met with in commerce. 

Uses. — Lead is extensively used in the form of 
sheets in roofing, in making sulphuric acid chambers, 
and in forming water-pipes, cisterns, &c. Alloyed with 
arsenic sufficient to facilitate its assuming the globular 
form, it is used in making shot ; with antimony and 
tin it forms type-metal^ an alloy which expands on 
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Qooling. Fusibk metaly pewter ^ Briianma metal, solder ^ 
te:, an other allo3rs containing lead. 

Principal Compounds. 

numbio Oxide (protoxide of lead, litharge, 
masdcoty lead monoxide), FbO. This oxide is ob- 
taEaed by heating lead in a current of air : — 

2Pb + 02 = 2PbO. 

It is of a yellow colour. It is soluble in sodic hydrate, 
and the solution, on exposure to air, absorbs car- 
bonic anhydride and deposits the oxide in dodeca- 
hedzal crystals. It fuses at a red heat, and ciystallizes 
in scales on cooling. It gradually absorbs carbonic 
anhydride from the air. It is used as a flux in assay- 
ingi in making optical glass, and is a constituent of 
the glaze of earthenware. It dissolves in acids, form- 
iDjg plumbic salts. 

A plumbous oxide (Tb'20) of a black colour is also 
known. 

Plumbic Peroxide (peroxide, binoxide, puce- 
coloured or brown oxide of lead, lead dioxide), 
PbO^ — This oxide is obtained by treating red-lead 
(see Delow) with nitric acid; the plumbic oxide 
contained m it is dissolved, and plumbic peroxide 
remains, and is separated by filtering and wash- 
ing ^— 

(NO- 
PbPbo", + 4NO2H0 = 2 \ Pbo^ + PbOg + aOH^. 

( NO2 

Triplumbic Nitric acid. Plumbic nitrate. Plumbic Water, 
tetroxiae peroxide, 

(red-leftd). 

Plumbic peroxide is a brown powder. At a red heat 
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it is converted into plumbic oxide and oxygen:— 
2PbOa=2PbO + 0,. Hydrochloric acid converts 
it into plumbic chloride, with evolution of chlorine:— 
PbOa + 4HCI = PbCl, + 20Ha + CI,. When heated 
with sulphuric acid it forms plumbic sulphate, oxygen 
bemg liberated : — 2PbOa + 2SOaHoa = 2SOaPbo' 
+ 20Ha + Oa. Plumbic peroxide is used to separate 
sulphiurous anhydride from gaseous mixtures : — 

PbOg + SO2 = SO^Pbo". 

It acts as a feeble anhydride, forming salts caDed 
plumbates. 

Red-Uad, — ^Three compounds are known in com- 
merce as red-lead^ minium^ or red oxide of lead; 
these are diplumbic trioxide (PbOPbo*), triplumbic 
tetroxide (PbPbo^o), and tetraplumbic pentoxide 

(PbPbo'[PbaOa]0. 

They are prepared by exposing for a long time to 

a dull red heat the plumbic oxide, which has not been 

fused. The result is a brilliant red powder. By the 

action of acids they are converted into solutions of 

plumbic salts and plumbic peroxide. They are used 

in painting, and sold as a substitute for vermilion; 

but their chief use is in glass-making, both flint and 

optical. At a high temperature they are decomposed, 

oxygen being given off. 

Plumbic Sulphide (galena, lead glance), PbS,— 
This is the most abundant ore of lead ; it is found 
crystallized in cubes, very metallic-looking, and of a 
deep lead colour. The hydrated sulphide is obtained 
by passing sulphuretted hydrogen through a solution 
of a plumbic salt. It is decomposed by nitric acid, 
aqua regia, and boiling hydrochloric acid. 

Plumbic Chloridfi (chloride of lead), PbCl,.— 



-::i LEAD COMPOUNDS. 267 

...«:^ hydrochloric acid or sodic chloride be added to 
^^^k s^ution of plumbic nitrate, a precipitate of 
T fhmibic chloride is obtained as a heavy white 
powder : — 

J ("NO, 

<Pbo" + 2HCI = PbCl, + 2NO,Ho. 
(NO, 

Plumbic nitrate. Hydrochloric Plumbic Nitric add. 

acid. chloride. 

It dissolves in 33 times its weight of boiling water, 
- and sepscrates in six-sided needles on cooling. It is 
easily fusible, and is volatile at a high temperature. 

Plumbic Sulphate (sulphate of lead, lead vitriol), 
SOjPbo''. — ^This salt occurs in nature, and is obtained 
; by adding sulphuric acid to a solution of a plumbic 
salt. It forms a white powder, slightly soluble in 
nitric acid, but insoluble in pure water. It is formed 
in the extraction of lead and in the preparation of 
aluminic acetate. It is reduced to metalhc lead by 
heating in the reducing blowpipe flame. 

Flmnbic Nitrate (nitrate of lead, plumbic di- 

CNO, 
nitrate), < Pbo". — This salt is prepared by dissolving 

(no, 

plumbic oxide or lead in nitric acid : — 

CNO. 
(i) PbO + 2NO,Ho = -{Pbo* + OHj. 

(NOj 

Plombic oxide. Nitric acid. Plumbic nitrate. Water. 

(2) See page 264, 
It is soluble in 8 rimes its weight of water, and crys- 
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tallizes in regular octahedra ; heated to redness it k 
decomposed as follows : — 

(NO, 

2^Pb0"=2Pb0 + 2N2O4 + O2. 

V MOa Plumbic oxide. Nitric peroxide. Oxygen. 

It is used in preparing plumbic chromate (chrome 
yellow). 

Plumbic Carbonate (^^arbonate of lead, white- 
lead, lead spar, white-lead ore), COPbo". — ^This salt 
is sometimes found crystallized in long white needles 
with other lead ores. It may be prepared by adding 
in the cold a solution of sodic carbonate to a solution 
of plumbic acetate. It is, however, largely manu&c- 
tured for painting by the following process, known ai 
the Dutch method: — Into a great number of earthen 
jars, arranged side by side, a little vinegar (weak acetic 
acid) is poured. These jars stand on manure or tan ; 
to each jar a roll of sheet lead is adapted, or bars cast 
into the shape of a portcullis are placed, so as not to 
touch the vinegar or project above the jar. The jan 
are loosely covered with boards, and a layer of tan oi 
manure is placed upon the top. Another row of pots 
is then placed upon the top of these, covered in like 
manner. By this arrangement a pile of many rows ii 
constructed. After the lapse of some days the sheets 
or bars of lead are taken out of the pots, when it ii 
found that they are in great part converted into the 
carbonate, which is made ready for use by washing 
and grinding. The nature of the change is explained 
as follows : — the heat of the decomposing manure^ 01 
tan, causes the acetic acid to volatilize and attack the 
lead, forming plumbic acetate, which is then decom- 
posed by the carbonic anhydride of the decomposing 
manure : — 
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(Pbo' + CO + OH, = COPbo' + 2 \ }i^^. 
lC(Me)0 ^ C""° 

Plumbic Carbonic Water. Phimbic Acetic 

acetate, anhydride. carbonate. acid. 

Jhe acetic acid thus set free acts on another por- 
tion of leady and so the process is continuous. The 
carbonate, although very insoluble in pure water, is 
dghtly soluble in water containing carbonic anhy- 
dnde, which is nearly always the case. If the water 
vcre quite pure it would be contaminated with lead, 
«id in course of time the whole of the lead would be 
dissolved. As all lead compounds are very poisonous, 
pure water, or water containing much free carbonic 
anhydride, cannot therefore be kept in leaden cisterns, 
or passed through leaden pipes. In common river 
and spring water, however, a little calcic sulphate is 
almost always present ; this forms a thin film of the 
insoluble plumbic sulphate, which prevents further 
action. It is for this reason that leaden cisterns may 
generally be used without danger. 

Plumbic Gbxomate (chromate of lead, chrome 
yellow, lead chromate), CrOaPbo". — This salt is ob- 
tained as a yellow precipitate by adding a solution of 
potassic chromate, or bichromate, to a solution of 
plumbic acetate or nitrate : — 

NOo 

Pbo^ + Cr02Ko2 = CrOgPbo" + 2NOaKo. 

IN02 

Plumbic Potassic Plumbic chromatot Potassic nitrate, 

nitrate. chromate. 

When boiled with calcic hydrate, plumbic chromate 
becomes of a scarlet colour, owing to its being con- 
verted into diplumbic chromate : — 



I 
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2CrO,Pbo' + CaHo,= CrOPbo', + CrO^Cao' + OH, \i 

Calcic Diplumbic Calcic Water, 

hydrate. chromate. chromate. 

It is used in dyeing yellows and oranges, and for 
supplying oxygen in certain cases of combustion 
analysis. 

Tests for Lead Compounds, — The soluble salts redden 
litmus. Sulphuric acid and solutions of sulphates 
precipitate the white sulphate (SOjPbo*'), almost in- 
soluble in water and acids. Hydrochloric acid and 
chlorides precipitate from concentrated and mode- 
rately dilute solutions the white crystalline chloride 
(PbCU), which redissolves on warming. Sulphuretted 
hydrogen converts all compounds of lead, whether 
soluble or insoluble, into plumbic sulphide (FbS), in- 
soluble in potassic and sodic hydrates. Potassic 
chromate precipitates the yellow chromate (CrOjPbo*); 
potassic iodide, the yellow iodide Fbit)- Heated 
in the reducing blowpipe flame on charcoal with sodic 
carbonate, they yield metallic globules, which make a 
black mark when rubbed on paper. 

Tin-Sn. 

Atomic weight, Ii8. Atomicity, IV. and II. Sp. gr., 7*2S. 

Special Notice. — Tin was known to the ancients. 
The Phoenicians are said to have traded with the 
ancient Britons for tin. 

Occurrence in Nature. — Tin occurs in nature 

principally as stannic oxide or anhydride (SnO^)! 
commonly called tinstone or cassiterite (from Cassi* 
terideSy the tin islands, — ^now the Scilly Isles, off the 
coast of Cornwall), The chief sources of the ore of 
this metal are the mines of Cornwall, Saxony, Bohemia, 
and Malacca. It is sometimes found as an alluvial 
deposit in the beds of many small rivers, and is then 
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as stream tin; this variety, being very pure, is 
.fe»:inost valuable fonn in which the ore occurs. 
^\fT^9iX9Aoii. — The ore is first subjected to the 
jfacfaanical operations of picking, stamping, and wash- 
9tj[^ it is then roasted on the bed of a reverberatory 
liniace in order to expel volatile impurities, such as 
Kieiiic and sulphur, which it usually contains. The 
lihiiilting slightly purified mass is then treated wiUi 
ser, which dissolves out any cupric sulphate formed 
the oxidation of the variable amount of ccpper 
usually mixed with the ore. The ore is then 
djr for reduction, and this is accomplished by heat- 
it along with about one-eighth its weight of anthra- 
coal, or charcoal and a little lime, in a low-crowned 
llftverberatory fiunace. The lime forms a fusible slag 
Gy muon with the siliceous matter yet remaining in the 
qce,and the carbon of the coal reduces the stannic oxide 
to metallic tin, with formation of carbonic oxide : — 
SnO, + 2C = 2CO + Sn. 

Stannic Carbon* Carbonic Tin. 

oxide. oxide. 

When the reduction is complete the temperature of 
the furnace is raised very high, so as to melt the slag 
completely ; the melted metal sinks beneath it, and is 
drawn off into iron pans, and then cast into ingots. 
The metal so obtained is not pure ; it is therefore re- 
melted; the purer tin, owing to its lower fiisibility, melts 
first and runs off, and is further purified by thrusting 
pieces of wood soaked in water into it while melted. 

Properties.— Tin is a brilliant white metal. It is 
not very hard nor tenacious, but is very malleable. If 
melted and allowed to cool slowly it may be obtained 
in crystals. At 100' it becomes moderately ductile. 
It is not much affected at ordinary temperatures by 
exposure to the action of water or air; when raised to 
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Compounds of Tin. 

Stannic Compounds (Compounds of Tetrad Tin). 

Stannic Oxide (binoxide of tin), SnOg.— This 
oxide is, as has already been stated, the principal 
natural compound of tin. It sometimes occurs in 
square prisms, having a brown tinge due to ferric or 
manganic oxide; the crystals are hard enough to 
scratch glass. Acids have no action on it, but if fused 
with potassic or sodic hydrate, a compound is obtained 
which is soluble in water ; it is, in fact, the potassic or 
sodic salt of stannic acid. The oxide produced by 
drying metastannic acid at 100° is czW^d putty powder, 
and is used for polishing plate and preparing white 
opstque enamels. 

Stannic Acid (hydrated binoxide of tin), SnOHo2. 
— This acid is prepared by adding calcic carbonate to 
an excess of a solution of stannic chloride : — 

SnCl4+2COCao''+0H2=SnOHoa+2CaCl2+2CO2 

Stannic Calcic Water. Stannic Calcic Carbonic 

chloride, carbonate. acid. chloride, anhydride. 

The acid falls as a gelatinous precipitate, and can be 
readily purified by washing with water. 

Sodic Stannate (stannate of soda), SnONaOg, 
4OH2. — This is the most important salt of stannic 
acid, and is prepared by fusing stannic oxide with 
excess of sodic hydrate dissolving the fused mass in 
water, and evaporating the solution; the salt then 
crystallizes in six-sided tables. Like some of the salts 
of calcium, it is more soluble in cold water than in 
hot. It is now prepared on the large scale for use as 
a mordant by the dyer and calico-printer. 

Metastannic Acid, SngOsHojo— To prepare this 
acid it is only necessary to act upon metallic tin with 
nitric acid; the nitric acid gives up oxygen to the tin, 

T 
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large quantities of nitric peroxide are evolved, and die 

metastannic acid is produced as a white crystalline 
substance insoluble in water. It reddens litmus, and 
becomes converted into stannic oxide by drying al 
ioo°. Metastannic acid is insoluble in nitric and 
hydrochloric acids ; it combines with the latter, how- 
ever, and the compound, though insoluble in the 
excess of acid, is soluble in water. The only soluble 
salts of this acid are those of potassium and sodium. 

Stannic Chloride (tetrachloride, bichloride, or 
nitromuriate of fin), SnC!,.— This important salt is 
prepared (i) by heating tin in a tube through which 
chlorine passes:— Sn + 2CI5 = SnCl^ ; (a) by dis- 
tilling an intimate mixture of mercuric chloride 
(4 parts) and metaUic tin i part : — 

aHgCI, + Sn = SnCl, + 2Hg; 
(3) by dissolving tin in a mixture of nitric and hydro- 
chloric acids (commonly called mtromuriaiU acid 01 
aqua regia) : — 
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having the power of uniting with colouring matter, fixes 
the latter on the cloth when worked in the dye-bath. 

Stannic Sulphide (bisulphide of tin), SnSg.— This 
compound is obtained in yellow flakes known as mo- 
saic gold by heating to low redness in a glass flask a 
mixture of 12 parts tin, 6 parts mercury (these two 
amalgamated together before mixing with the other 
ingredients), 6 parts of ammonic chloride, and 7 parts 
of flowers of sulphur ; mercurous chloride and mercuric 
sulphide sublime together with ammonic chloride, and 
the stannic sulphide remains. It is used in the arts 
in making imitation bronzes. The hydrated sulphide is 
precipitated as a dingy yellow powder on passing sul- 
phuretted hydrogen through a solution of stannic salt. 

Stannous Compounds (Compounds of Diad Tin). 

Stannous Oxide (protoxide of tin), SnO.— By 
ignition of stannous hydrate in an atmosphere of 
hydrogen or carbonic anhydride this compound is 
obtained as a black powder. If heated with acids it 
dissolves, though slowly ; in the cold very little action 
takes place : the solutions are stannous salts. It may 
be obtained in black crystalline needles by boiling 
stannous liydrate with a dilute solution of potassic 
hydrate in quantity insufficient to dissolve it. 

Stannous Hydrate (hydrate of protoxide of tin), 
SnHo2. — This substance is obtained as a white pre- 
cipitate by adding stannous chloride solution to a 
solution of sodic carbonate : — 

COI^aOg + SnClg + QHg = SuHog + 2NaCl + CO2. 

Sodic Stannous Water. Stannous Sodic Carbonic 
carbonate, chloride. hydrate, chloride, anhydride. 

Stannous hydrate is soluble in potassic hydrate and in 
acids. 
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Stannous Chloride (protochloride of tin), SnCV 

— The ordinary method of preparing this salt is by 
dissolving tin in hydrochloric acid : — 

Sn + 2HCI = SnClg + Hj. 

As thus prepared it crystallizes in prismatic needles 
whose composition is SnCl2,20H2. The anhydrous 
chloride is obtained when a mixture of equal weights 
of tin and mercuric chloride are distilled; mercury 
passes off in vapour, and the chloride is left behind 
as a vitreous mass of a brilliant grey colour. It distils 
when heated to redness ; — 

HgClg + Sn = SnClg + Hg. 

Butter of tin is an old name for the anhydrous chloride. 
Aqueous solutions of this salt, under the names of/w 
solutions and tin spirits^ are extensively used by the 
dyer and calico-printer as mordants. In some cases 
a small quantity of oxalic acid is added to the tin 
and hydrochloric acid, in preparing these solutions; 
the resulting liquors are then called ox tin or oxalic ^ 
tin. The solutions do not, however, contain any 
oxalic acid, but another organic acid called glycolic 
acid, which is formed by the action of tlie nascent 
hydrogen upon the oxalic acid. As already stated 
under stannic chloride, the efficacy of a mordant de- 
pends upon its power of fixing the colouring matter 
upon the fibre of the cloth. An experiment illustra- 
tive of this, as well as of the use of stannous chloride 
in dyeing scarlets, may be made as follows : — Make an 
infusion of cochineal by boiling up a small quantity 
of the powdered dry insects with water, and boil in this 
solution of colouring matter two pieces of clean white 
flannel or Berlin wpol of the same size ; after boiling 
both a few minutes, lemove one of the pieces, add a 
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few drops of stannous chloride to the infusion, and 
boO again ; then remove the other piece. On now 
comparing the pieces, it will be found that the 
piece dyed without any mordant is of a purplish 
tint, while the one with the mordant is of a bright 
scarlet ; and further, if the two be washed v/ith water 
repeatedly, it will be found that the former will lose 
almost all its colour, while the latter will only suffer a 
slight diminution in shade. The addition of a little 
cream of tartar and a chip of young fustic will improve 
the colour. 

Owing to its tendency to unite with chlorine and 
oxygen, stannous chloride is a powerful reducing 
agent ; examples of its reducing action are the produc- 
tion of gold, silver, and mercury in the metallic state, 
when a solution of it is added to solutions of salts of 
these metals ; the reaction with gold salts may be 
taken as typical : — 

2AUCI3 + sSnClg = Au2 + sSnCl^. 

Auric Stannous Gold. Stannic 

chloride. chloride. chloride. 

Stannous Sulphide (protosulphide of tin), SnS. 

— This substance is produced by mixing tin and 
sulphur in the proportions of their atomic weights, and 
heating the mixture in a crucible ; as thus prepared it 
is of a bluish grey colour. The hydrated form of it 
may be obtained by passing sulphuretted hydrogen 
through a solution of stannous salt ; it separates as 
a chocolate- brown precipitate. It is soluble in strong 
hydrochloric acid, with evolution of sulphuretted 
hydrogen. 

Tes^s for Compounds of Tin, — Stannic Salts,— 
Potassic and sodic hydrates precipitate stannic acid 
(SnOHog) as a white powder, which an excess of the 
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reagent re-dissolves. Ammonic hydrate^ and potassic, 
sodic, and ammonic carbonates produce the same 
precipitate (the three latter with escape of carbonic 
anhydride), but do not re -dissolve it when added in 
excess. Sulphuretted hydrogen and ammonic sul- 
phide precipitate the dingy yellow hydrated sulphide 
(SnSg), which is soluble in potassic, sodic, and 
ammonic hydrates and sulphides. 

Stannous Salts, — Potassic and sodic hydrates cause 
a white precipitate of stannous hydrate, which re- 
dissolves in excess of the reagent, and on boiling 
the solution stannous oxide is deposited in black 
crystals. Ammonic hydrate, and potassic, sodic, and 
ammonic carbonates produce the some precipitate 
(carbonic anhydride escaping at the same time in the 
latter three cases), but do not re-dissolve it when 
added in excess. Sulphuretted hydrogen and am- 
monic sulphide precipitate the characteristic chocolate- 
brown hydrated sulphide (SnS), which is soluble in 
excess' of ammonic sulphide, and in potassic and 
sodic sulphides. Auric chloride in dilute solution 
and used in excess gives a brown precipitate of gold, 
owing to the reducing action of stannous salts ; but if 
the tin salt be in excess, a beautiful purple precipitate, 
known 2,^ purple of CassiuSy results. 

Both stannic and stannous salts, when heated with 
sodic carbonate on charcoal before the blowpipe, 
yield globules of metallic tin. 

Hexad Metals. 

Chromium— Cr. 

Atomic weight, 52*5. Molecular weight, unknown. Mole- 
cular volume, unknown. Atomicity, VL, IV., and II. ; also 
a pseudo-triad, and occasionally a pseudo-octad. Sp. gr., 6. 
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Special Notice, — Chromium was discovered in 1797 
by Vauquelin, in plumbic chromate (CrOgPbo''), known 
as cracatsite or redrUad ore. 

Occurrence in Nature. — Chromium compounds 

are not very abundant in nature. It occurs principally 
as chrome-iron ore or chrome ironstone^ which is di- 
chromic-ferrous tetroxide( \ p f)F6o")i ^^is occurs in 

the Shetland Isles, Sweden, America, Australia, and 
New Zealand. 

Preparation. — The metal is procured by mixing 
chromic oxide with one-fifth of its weight of charcoal 
powder, and placing the mixture in a crucible lined 
with charcoal. The crucible is then placed in a 
furnace, and raised to the very highest heat. The 
chromic oxide is reduced by the charcoal, and the 
metal is obtained as a greyish white brittle substance, 
and very difficult of fusion : — 

{cJo^ + 3C = 2Cr + 3CO. 

Chromic oxide. Carbon. Chromium. Carbonic oxide. 

Properties. — The metal has been seen by very 
few persons. It crystallizes in a form belonging to 
the regular system. It is oxidized by nitric acid with 
such violence when in a pulverulent form as to become 
red-hot occasionally. It bums brilliantly when heated 
in air. Hydrochloric and sulphuric adds dissolve 
it with evolution of hydrogen. 

Uses. — No use has as yet been found for metallic 
chromium. It is probable, however, than when its 
properties have been thoroughly investigated it will 
be applied in the useful arts. 

Principle Compounds.— Owing to its varying 

active atomicity chromium forms numerous compounds. 
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Chromoi4S Compounds. 

Chromous Oxide (protoxideof chromium),CrO.— 
This oxide has never yet been obtained in the anhy- 
drous form ; chromous hydrate (CrHo2) is, however, 
obtainable by adding potassic hydrate to a solution of 
chromous chloride : — 
CrClg -f 2KH0 = CrHog + 2KCL 

Chromous Potassic hydrate. Chromous Potassic 

chloride. hydrate. chloride^ 

It forms a dark brown powder. 

Chromous Chloride (protochloride of chromium), 
CrClg, is obtained by heating to redness chromic 

chloride^ \ p pi^ ) in a porcelain tube, through which 

a current of pure dry hydrogen is passing ; hydro- . 
chloric acid is produced, and a white mass of chromous 
chloride is obtained, which dissolves in water with a 
great increase of temperature, yielding a blue solution, 
which absorbs oxygen by exposure to the air, and 
passes into a deep green colour. 

{crCl' + ^2 = ^CrClg + 2HCI 

Chromic Hydrogen. Chromous Hydrochloric 
chloride. chloride. acid. 

Chromous chloride is one of the most powerful 
reducing agents known. 

Chromic Compounds, 
Chromic Oxide (sesquioxide of chromium), 

i PrO^' — ^^ chromic hydrate be heated to redness 

it is decomposed, water (as steam) is evolved, and 
chromic oxide remains ; — 

/CrHog _ fCrO^ ^„ 

tCrH03 - ICrO^ + 3OH,. 

Chromic hydrate. Chromic oxide. Water. 
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It is a green powder when so obtained, and is insoluble 
in acids. It is used as' a green pigment in the for- 
mation of a pink enamel colour, and in calico-printing. 
United with ferrous oxide it forms chrome-iron ore^ the 
principal ore of the metal, which is often found crystal- 
lized in octahedra, like magnetic iron-ore. It is infusible 
in the furnace, and when hot absorbs oxygea from the 
air, forming chromic anhydride ; and if some oxide, 
hydrate, or carbonate be present, a chromate is formed. 
Chromic Hydrate (hydrated sesquioxide of 

CPrHo 
chromium), i p tjq^- — This substance is produced 

by adding ammonic hydrate to a solution of chromic 
chloride : — 

• {gga + 6AmHo = {gg^ + 6AmCl. . 

Chromic Ammonic Chromic Ammonic 

chloride. hydrate. hydrate. chloride. 

It forms a dark green powder, very bulky and gela- 
tinous. It dissolves in acids, forming chromic salts. 

Chromic Anhydride (chromic acid), Cr'^'Og.— 

Chromic anhydride is prepared by adding 5 measures 
of sulphuric acid to 4 measures of a cold saturated 
solution of dipotassic dichromate, and drying the 
beautiful crimson crystals so obtained at a gentle 
heat on a brick or a porous tile : — 
CrOgKo 

O -f SO2H02 = SO2K02 -f OH2 + 2Cr03. 

Cr02Ko 

Dipotassic Sulphuric Potassic Water. Chromic 

dichrmnate. acid. sulphate. anhjrdride. 

When heated to 204° it melts to a black liquid, and 
at a higher temperature it is converted into chromic 
oxide and oxygen with incandescence : — 

4Cr03 = 2Cr208 -f 3O2. 

Chromic anhydride. Chromic oxide. Oxygen. 



nt 

I 
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It is deliquescent, absorbing moisture from the air, 
with which it combines, and forms chromic acid 
(CrOgHog). Heated with hydrochloric acid, chromic 
chloride, water, and chlorine are produced : — 

2Cr03 + 12HCI = |gjg3 + 6OH2 + 3CI2. 

Chromic Hydrochloric Chromic Water. Chlorine, 

anhydride. acid. chloride. 

Chromic Acid, CrOgHog. — If chromic anhydride 
be added to water, it combines with it, forming chromic 
acid : — 

CrOg + OH2 = CrOgHOa. 

Chromic anhydride. Water. Chromic acid. 

It is a powerful oxidizing agent ; for instance, if thrown 
into alcohol it sets it on fire, so powerful is its oxi- 
dizing action. The most important of its salts are the 
potassium ones. 

Dipotassic Ghromate (chromate of potash, 
neutral or yellow chromate of potash), 012^.02, is 
the source from which all the chromic preparations are 
obtained. It is made from chromic iron ore. The ore 
is reduced to powder, calcined and heated for a long 
time in a furnace with crude potassic carbonate and a 
little potassic nitrate. The product is treated with 
water, and yields a yellow solution, which deposits, 
on evaporation, crystals of the same colour : — 

2 {cJo^^^" ^ 4COK02 + 502=4Cr02Ko2 + 2Fe203. 

Chrome-iron Potassic Oxygen Potassic Ferric 

ore. carbonate, {from ni^re chromate. oxide. 

and air). 

+ 4CO2. 

Carbonic anhydride. 
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Dipotassic Dichromate (bichromate or red 

( CrO^Ko 
cfaromate of potash), < O — This salt is pre- 

i CrOgKo 
pared by adding sulphuric acid to a solution of the 
preceding salt ; on evaporating the solution the salt is 
obtained in red four-sided tables of great beauty : — 

( CrO^Ko 
aCrOgKog + SO2H02 = ^ O + SO2K02 + 

i CrOgKo 

Potassic Sulphuric • Dipotassic Potassic 

chromate. acid. dichromate. sulphate. 

OHj. 

Water. 

It fuses below a red heat, and is decomposed at a 
higher temperature into chromic oxide, potassic chro- 
mate, and oxygen : — 

{ CrOjKo , p^ 

4< O = 4Cr02Ko, + 2 \ ^^O + 3O2. 

i CrOjKo ^ ^^^ 

Dipotassic Dipotassic Chromic oxide. Oxygen, 

dichromate. chromate. 

It requires about lo times its weight of water, at 
16° C, to dissolve it. It is used as an oxidizing agent, 
and for preparing chrome alum. It is also much used 
in dyeing, and in the preparation of chrome yellow 
and orange ; a saturated solution of it is used as the 
exciting fluid in the bottle battery, and it is in con- 
stant requisition in the laboratory. 

Chromic Chloride (sesquichloride of chromium), 

•<p pA — This compound may be obtained anhy- 
drous by heating to redness in a porcelain tube, 
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|t takes fire spontaneously in ammonia gas, and sets 
fire to sulphur and phosphorus when placed in con- 
tact with them. 

Chrome Alum, Dipotassic-dicliromic Tetra- 

■Ulphate, S4O8Ko2(Cr2Oe)/S240H2.— If dipotassic 
diduomate be boiled with sulphuric acid, oxygen is 
pven off, and this substance is formed ; or if sul- 
^uious anhydride be passed into it chrome alum 
18 produced : — 

(i) For equation see this mode of preparing 
oxygen. 

( CrO^Ko 

{, Cr02Ko Chrome alum. 

+ OH2. 

tt crystallizes in octahedra like common alum, but 
the crystals are almost black when seen by reflected 
light In order to obtain fine crystals the solution 
should be set aside for a fortnight at least. 

Tes^s for Chromium Compounds. — Chromous salts 
are never met with in ordinary analysis. They give a 
brown precipitate of chromous hydrate (CrHOg) with 
potassic hydrate ; ammonic sulphide gives a black 
sulphide (CrS). Chromic salts give, with potassic, 
sodic, and ammonic hydrates, a dirty green precipi- 
tate of chromic hydrate, ( \ PrHO^ ) ^ ^^ *^^ former 

redissolve the precipitate. Ammonic sulphide pre- 
cipitates the hydrate as well, sulphuretted hydrogen 
being evolved at the same time. The chromic hydrate 
produced by these reagents, if fused with potassic 
nitrate and carbonate, is converted into potassic 
chromate ; and if after the fusion it be dissolved in 
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water, the solution gives a yellow precipitate of 
plumbic chromate (CrOgPbo*) with a soluble lead 
salt Sodic chloro-hypochlorite (chloride of soda) 
also converts chromic salts into chromates. The 
chfomates are distinguished by giving a yellow precipi- 
tate of plumbic chromate (Cr02^^^^) ^^^ ^ soluble 
lead salt, a pale yellow precipitate of baric chromate 
(CrOsBao') with a soluble barium salt, and a purple- 
red precipitate of argentic chromate (CrOjAgOj) with 
argentic nitrate solution. 

Manganese.— Mn. 

Atomic weight, 55. Atomicity, VI., IV., and II. ; also a 
pseudo-triad and a pseudoH>ctad. Sp. gr. 7 to 8. 

Special Notice, — Manganese was discovered in 1774 
by Gahn and Scheele. 

Occurrence in Nature.— The compounds of 

manganese occur in nature pretty abundantly. Its 
most abundant and important ores are manganic 
oxide (MnOj), known as pyrolusiie ; dimanganic tri- 

oxide f< j3j[r\0 ), known as braunite; dimanganic 

dioxydihydrate ( \ M OHo )' ^^^ manganic oxide- 
hydrate (Mn290H2), known as wad or bog manga- 
nese. The localities for them are Devonshire, Corn- 
wall, the Hartz Mountains, and Piedmont. 

Preparation. — Manganese is best obtained by 
heating the carbonate (COMno'O made into a paste 
with oU and charcoal, in a crucible : the cover should 
be luted on and raised to the highest temperature of 
the forge for two hours. 

COMno'' + 2C = Mn + 3CO. 

Manganous Carbon. Manganese. Carbonic 

carbonate. oxide. 
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I The metal is obtained as a button containing a 
littie carbon. 

i -Properties. — it is of a greyish white colour, re- 
oembling cast iron, hard and brittle and slightly mag- 
It oxidizes by exposure to the air, and decom- 
water at the ordinary temperature : — 



n. 



Mn -f 2OH2 


= MnHo2 


+ Hj. 


Mai^anese. Water. 


Manganous 
hydrate. 


Hydrogen. 



On account of these properties it has to be preserved 
either in hermetically sealed tubes or under napthha. 
Uses. — Manganese is only known as j\ chemical 
curiosity ; it is put to no use in the arts. 

Principal Compounds. 

Manganous Oxide (protoxide of manganese), 
HhO. — This oxide may be obtained by heating 
manganous carbonate in an atmosphere of hydrogen ; 
carbonic oxide and water are given off, and manganous 
oxide remains : — 

COMno" + H2 = MnO -f CO + OH2. 

Manganous Hydrogen. M'anganous Carbonic "Water, 
carbonate. oxide. oxide. 

It is an olive-green powder, which absorbs oxygen 
from the air. It dissolves in acids, forming man- 
ganous salts. 

Manganous Hydrate (hydrated oxide of man- 
ganese), MnHo2. — This substance is prepared by 
adding a solution oT potassic hydrate to a solution of 
a manganous salt : — 

MnCl2 + 2KH0 = MnHog + 2KCI. 

Manganous Potassic Manganous Potassic 

chloride. hydrate. hydrate. chloride. 
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(i.) MnOg + 2C = MnO + 2CO. 

Manganic Carbon. Manganous Carbonic 

oxide. oxide. oxide. 

(2.) MnO + SO2H02 = SOgMno'' + OH^. 

Manganous Sulphuric Manganous Water. 

oxide. acid. sulphate. 

The solution is evaporated to dryness, and again ex- 
posed to a red heat. Water is then added, which 
dissolves out the pure manganous sulphate. Or (2) by 
heating manganic oxide with sulphuric acid. (See 
page 66.) The salt was formerly used to produce a 
permanent brown dye. It forms, Hke magnesic sul- 
phate, a double salt with potassic sulphate. It crystal- 
lizes with 5 molecules of water. 

Manganous Carbonate (manganese spar), 

COMno^'. — This compound occurs in nature, gene- 
rally accompanying spathic iron ore. It may be 
obtained in the hydrated form as a white precipitate 
by adding a solution of sodic carbonate to a solution 
of manganous sulphate : — 

SOaMno" + CONaOa = COMno" + SOgNaOg. 

Manganous Sodic Manganous Sodic 

sulphate. carbonate. carbonate. sulphate. 

Manganic Chloride, MnCl4.— (See Preparation 

of Chlorine, page 59.) 

Manganic Oxide (black, bin-, deut-, hyper-, or 
per-oxide of manganese), MnOg. — This oxide is the 
most important manganese ore, forming pyrolusite 
when anhydrous, and wad when hydrated. It occurs 
both crystalline and amorphous. It is insoluble in 
water, and is of a black colour. It may be prepared 
by adding a solution of sodic or calcic chloro-hypo- 
chlorite to a solution of a manganous salt : as thus 
prepared.it is hydrated. Heated with hydrochloric 

u 
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add, chloiine is evolved, and manganous chloride 
renuiiis (see p. 59) ; boiled with sulphuric acid, 
dzygcD is evolved (see p. 66). It is laigely employed 
fiir prepanng chlorine, used in the manu&cture of 
calcic cbloro-hypochlorite (bleaching powder)^ 

DimaDganic Triozide (sesquioxide of manga- 
nese), ■! StqO- — This conipouad forms the mineral 
brmmiU; in the hydrated fonn it constitutes ntOTigaaU 
( I |^o*^.0H,). It may be obtained as a brewn 

hydrate by passing chlorine through water with man- 
pnoos carbonate suspended in it, and then removing 
the excess of carbonate by dilute nitric add. Wlien 
heated, oxygen is evolved and trimanganic tetroiide 



(MnO„ 






(MnO" 



DimuiguiiG trioxide. Truuaogaiuc tetioxide' OsfygOL 

An oxide known as Tanidte, and having the compo- 




■^^ 
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recently discovered by Mr. W. Weldon,* is prepared 
by adding an excess of calcic oxide to a solution ot 
manganous chloride, and forcing air through the 
mixture : — 

2MnCl2 + 4CaO + 02 = 2MnOCao'' + 2CaCl2. 

Manganous Calcic Oxygen Calcic Calcic 

chloride. oxide, (from air), manganite. chloride. 

The compound is prepared on the large scale from 
the residual manganous chloride of the chlorine 
manufactory, and is replacing manganic oxide in that 
important industry, owing to the following facts, as 
stated by the discoverer, that "besides being continu- 
ally reproduced," it " reduces, by fully 80 percent., the 
principal item (/. ^., the manganic oxide) in the cost 
of the manufacture of chlorine, greatly increases the 
quantity of chlorine which can be practically obtained 
from a given quantity of hydrochloric acid, and, more- 
over, enables the manufacture of chlorine to be carried 
on without the production of an offensive residue." 

The solution of calcic chloride is run oflf from the 
manganite, which is then treated with hydrochloric acid, 
when chlorine is evolved by the following reaction : — 

MnOCao" + 6HC1 = MnClg + CaCl^ + 3OH2+ C^ 

The manganous chloride is reconverted into calcic 
manganite as above, and so the regeneration of the 
manganite is continuous. 

Manganic Acid^ MnOgHog. — This acid may be 
obtained by adding dilute sulphuric acid to baric 
manganate. It is a green liquid, which undergoes 
spontaneous decomposition very speedily : — 

Mn02Bao" + SO2H02 = MnOgHog + SOgBao". 

Baric Sulphuric Manganic Baric 

manganate. acid. acid. sulphate. 

* Chemical News^ vol. xx., Sept 3rd, 1869, p. 109. 
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Potossic Mangftnite (manganate of potash), 
MnOjKoj. — This IS the most important salt of man- 
ganic acid. It is prepared by heating to low red- 
ness an inthnate mixture of 4 parts of powdered 
manganic oxide, 5 parts of potassic hydrate, and 3^ 
parts of potassic chlorate; the potassic hydrate is 
dissolved in the least possible quantity of boiling 
water and added to the other ingredients, and the 
mixture gently diied before further heating: the 
source of heat should be removed from the crucible 
when the mass has become green all through, whidi 
will usually take about an hour. The product should 
be removed from the crucible when cold, dissolved in 
water, allowed to stand that the insoluble impurities 
may deposit, and rendered perfecdy clear by filtra- 
tion — not through paper, however, as that would 
decompose the salt, but through a funnel, the neck of 
which is plugged with asbestos. The solution, which 
is green, when allowed to evaporate spontaneously in 
a vacuum, yields green crystals having the same form 
as those of potassic sulphate. 

Permanganic Acid (hypermanganic acid), 



man- 



{MnO^(OHor""^^ *^ solution of potassic 

ganate is boiled or diluted with water, or if a small 
quantity of acid be added to it, it changes from green 
to purple, owing to the formation of potassic perman- 
ganate ( ^ S^Q2(^on ^nd manganic oxide, or a 
manganous salt : — 

3Mno,Ko. + 30H, = {5{;3:S8ioJ + 

Potassic Water. Potassic 

manganate. perxxiaDganate. 
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MnO„OH, + 4KH0. 

Manganic Potassic 

oxide-hydrate. hydrate. 

The acid can be isolated by treating potassic perman- 
ganate successively with aigentic nitrate, baric chloride, 
and sulphuric acid. It is a reddish crystalline solid, 
and its solution when heated to 38° C. evolves 
oxygen. 

Potassic Permanganate, {MnoloKo)* ~ 

This, which is the most important salt of permanganic 
acid, is prepared from the manganate as already de- 
scribed. Its solution may be boiled without under- 
going decomposition, but organic matter decomposes 
it If the solid salt is heated, oxygen is evolved, and 
potassic manganate and manganic oxide left : — 

* { IfcWKo) = »MnO,Ko, + 2MnO, + 2O, 

Potassic Potassic Manganic Oxygen, 

permanganate. manganate. oxide. 

Both this salt and the manganate, owin^ to their 
great oxidizing power, are used as disinfectmg agents, 
and as oxidizing agents in the laboratory. The per- 
manganate is known as Condfs fluids from Mr. 
Condy, of Battersea, an extensive maker of it. It is 
much used in volumetric analysis. The manganate, 
owing to the change of colour which its solution 
undergoes on boiling or dilution, is called mineral 
chameleon. 

Tests for Manganese Compounds. — Only manganous 
salts are met with in ordinary analysis. Ammonic 
sulphide precipitates the flesh-coloured manganous 
sulphide (MnS), which is soluble in strong acetic 
acid. Potassic and sodic hydrates precipitate man- 
ganous hydrate (MnHo^), which speedily darkens in 
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colour when shaken up in a flask. Fused on platininu- 
foU with sodic carbonate and a little potassic niCiate, 
they yield green sodic manganate (WpOiNao,) ; this 
is a diaracteristic and delicate test. In the oiudiring 
blowpipe flame, with a borax bead, an amethyst tinge 
is produced, which colour disappears in the rcdudag 

Iron— Fe. 

Atomic weight, 56. Atomicity, rarely VI. , most trequentlf IV. 
(as B pseudo-triad) and II. Sp. gr., 7*8. 

OcGTUTence in Nature. — Iron occurs to greater 
or less extent in every country of the wortd. It 
occurs in minerals, vegetables, and animals. It ii 
occasionally found in a free state in the mineral kiog- 
dom, and also in aerolites or meteoric stones. Its 
principal and most important ores are tru^n^ trm 
ore, or loadstone ( \ t,* pFeo") ; specular iron ore,f« 
oligisie, red hamatite, micaceous iron, or iron ^ofue, 
all of which have the same composition, viz., 
) ; broum fiofnatite, or fibrous brown irm 
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cold air was employed, but now the air is heated by 
passing it through hot pipes : the air by this means 
is raised to a temperature of 300° or 400° C. ; this is 
called the hot blast. This effects a great saving of 
fuel, and coal may be used instead of coke. The 
limestone introduced into the furnace separates the 
aluminic silicate (clay) from the roasted ore, so that 
the coal can act upon the metallic oxide. The clay 
combining with the calcic oxide forms a glassy com- 
pound of aluminic and calcic silicates, which is called 
slag. The oxide of iron parts with its oxygen to the 
carbon of the coal. As the iron melts it falls to the 
bottom of the furnace, uniting in its descent with the 
white-hot carbon of the coal, forming a carbide of iron, 
which accumulates in a stratum at the bottom. The 
slag, having a lower specific gravity than the melted 
iron, floats like cream upon the surface. The iron and 
slag are drawn off at different openings at the bottom 
of the furnace. The iron is run into grooves made of 
sand, and this constitutes the pig iron of commerce. 
This iron is associated with carbon, and generally 
with silicon, manganese, magnesium, calcium, sulphur, 
and phosphorus. 

The chemical changes which occur may be ex* 
plained as follows : — The roasting of the ore converts 
the ferrous carbonate — for it is of the reduction of 
this ore, as it is the most common, that we are now 
speaking — into carbonic anhydride, which escapes as 
gas, and ferric oxide, which remains : — 

4COFeo" + 02 = 2j|!|g0 + 4CO2. 

Ferrous Oxygen Ferric Carbonic 

carbonate. (from air). oxide. anhydride. 

The limestone (calcic carbonate) introduced along 
with the roasted ore into the furnace is speedily 
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puddling-rod into large balls, which are hammered by 
steam hammers. All the liquid slag contained in the 
balls is squeezed out, and the particles of iron welded 
together in one mass. This mass is heated a second 
time and passed between large iron rollers. The 
fibrous structure of iron is mainly due to this process. 
Iron which is to sustain great tension is submitted, 
with slight modification, to this latter process several 
times. The iron is no longer crystalline ; it is tough 
and fibrous in its texture, which may be seen by acting 
on a piece of wrought iron with dilute acid. By vio- 
lent concussion this toughness and fibrous character 
disappears, and it again becomes crystalline and brittle. 
Malleable iron, although much purer than cast iron, is 
never free from carbon and other substances. 

Iron containing a smaller per-centage of carbon 
than cast iron and a larger per-centage than wrought 
iron forms the important variety of iron known as 
sted. The purest malleable iron is made into steel by 
placing bars of iron alternately with charcoal powder 
in a large brickwork chamber, and exposing the whole 
to a high red heat for seven or eight days. The iron 
combines with a small portion of the carbon. It is 
now more fusible than malleable, but not so fusible 
as cast iron, and has lost in a great degree its malle- 
ability. If fine steel is required, several bars are 
welded together under the steam hammer, which gives 
greater uniformity of composition. This process of 
making steel, however, is to some extent superseded 
by a method called, from its inventor, the Bessemer 
process. By it steel can be prepared directly from 
Swedish pig iron. The cast iron is melted and run 
into a conical iron vessel working on tnmnions and 
open at the top, called a cofwerter ; air, at a pressure 
of about 20 lbs. on the square inch, is then caused 
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with nitric acid, while iron gives a green one. Steel 
is also more brittle and more fusible than iron. Steel 
can be tempered^ — that is, its degrees of hardness, elas- 
ticity, and brittleness, may be altered by exposing it 
to varying degrees of heat, and then cooling it either 
quickly or slowly. Pure iron, — Purie iron crystallizes 
in tetrahedra belonging to the cubic system. With 
the exceptions of cobalt and nickel, it exceeds in 
tenacity all other metals; a wire ^ of an inch in 
diameter will sustain a weight of sixty lbs. It is also 
very ductile, and is malleable to some extent. Iron 
does not oxidize or rust in dry air at the common 
temperature ; heated to redness it becomes covered 

with the black oxide ( < p^qFco") ; the same com- 
pound is produced when iron wire is burnt in oxygen. 
Iron at a red heat decomposes water, like potassium 
at the common temperature, liberating hydrogen, and 
producing as in the previous cases the black oxide 
(see p. 53). Dilute sulphuric and hydrochloric acids 
dissolve iron freely ; hydrogen is evolved, and a ferrous 
salt remains in solution. Iron is converted almost 
instantly into a magnet when placed in contact with 
one ; it only retains its magnetic character so long as 
it remains in contact with the magnet ; the magnetic 
iron ore, as its name indicates, is naturally magnetic, 
its magnetism having been produced by the long-con- 
tinued inductive influence* of the earth's magnetism. 
Steel does not become magnetic so quickly as iron ; 
but when once it has become so it retains its magnetic 
power permanently. 

Uses. — ^The principal uses of iron, in its various 
forms, are chiefly mechanical. It is used chemically, 
however, in some cases for evolving hydrogen from 
acids, and as a reducing agent. 
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PkanCBpO^ Cnni|>raDtlE. — The changes whkJi m 
A-.'ir jv v.K a ~r'T atmniriTv of iron cause il to fa 
4. ffxti: nstvt -Mnr.i.umdfi, some of which arc of gnal 

frrr:u; ■.',7Kj7',<4ws ^Ccvopouads of Diad Iron). 

Fvfnns Oxi^ ;>-.«ni:ide of iron), FeO-— 1^ 
v^i:k :> if.::;-,T i i.a„^»~ in the free state, owing to its 
>r-,vnn»r» --,• -,.;.■;* -.--v? iinii- oxide. 

Fvrrwis Bjl^^te /byiiaied protoxide of iron, 
!i;v'j:i»; :rr;w^ .■\ .'t\ jfeHoj.— If a solution (rf 
;mc».»i^' .Tt'i'x'e b»r ii>Vi iv- a solution of a ferroos 
mix, vtte VI v.viTrii.-: w:t1 air, a white precipitate of 

S<.^Fw' - IK.H3 = SO.KO. + FeHOf 
>wr'.><i.. Kii^; i\>:"!i5i^!-" Fcrrons 

mlyiu'-t. by} n't. inJphuc. hydiate. 

Thi* i/r>:cijj;tat>; when exposed to the air becomes 
first jjnwti ajid then rtriidish brown, owing to its con- 
version into fenic oxide by combination with oxygen 
from the air und elimination of water : — 

, .1 t^n 




FERROUS COMPOUNDS. 301 

By the first process it is obtained in green crystals, 
having the composition FeCl2,40H2; and by the 
second it is obtained as a white anhydrous sublimate. 
It is soluble in alcohol. Heated in air it evolves 
chlorine and leaves a residue of ferric oxide. 

Ferrous Iodide (protiodide of iron), Fel2- — '^^^^ 

salt is easily prepared by digesting iodine with water 
and iron : — 

Fe + I2 = Feig. 

On the solution evaporating spontaneously under the 
air-pump, it yields green crystals of Fel2>40H2. It 
is used in medicine. Exposed to the air it combines 
with oxygen ; it is therefore mixed with strong syrup, 
which retards this change. 

Ferrous Sulphide (protosulphide or sulphuret of 
iron), FeS. — This substance is prepared by throwing 
into a red-hot crucible, in small quantities at a time, 
a mixture of two parts of sulphur and three and a half 
parts of iron filings. It is decomposed by dilute sul- 
phuric and hydrochloric acids, sulphuretted hydrogen 
being evolved, while ferrous sulphate or chloride re- 
mains in solution. It is largely used in the laboratory 
in preparing sulphuretted hydrogen. If heated in the 
air it is converted into^ ferrous sulphate by combina- 
tion with oxygen from the air. 

Ferrous Sulphate (sulphate or protosulphate of 
iron, copperas, green vitriol), SOgFeo'' ; crystaUized, 
SOHo2Feo",60H2. — This, which is the commonest 
and most important ferrous salt, is prepared (i) by the 
solution of iron in dilute sulphuric acid ; (2) by dis- 
solving ferrous sulphide in dilute sulphuric acid ; and 
(3), on the large scale, by the slow oxidation of ferric 
disulphide (FeSg). The disulphide (iron pyrites) is 
exposed along with scrap iron, to the influence of air 
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Ferric Compounds (Compounds of Tetrad Iron). 

Ferric Oxide (peroxide, red oxide, or sesquioxide 

of iron), ■< ppQ^' or Te"'a03. — ^This oxide occurs in 

nature both crystallized and amorphous, forming the 
ores of iron known as red hcematite, specular iron ore, 
and bloodstone. The crystals are rhombohedral. It 
is prepared by decomposing ferrous, sulphate by heat 
or by igniting ferric hydrate in a crucible : — 

fFeHog _ yFeOp. . ^^„ 
IFeHos - iFeO^ + ^^^'' 

Ferric Ferric Water, 

hydrate. oxide. 

It is a red powder, almost insoluble in acids, and 
when heated in a current of hydrogen or with carbon 
is reduced to the metallic state : — 

t. {fIo^ + 3H2 = 2Fe + 3OH2. 

Ferric Hydrogen. Iron. Water, 

oxide. 

2- IwfSo + 3C = 2Fe + 3CO. 



IFeO' 



Carbon. Carbonic 

oxide. 



Under the names of colcothar, crocus of Mars, and 
rouge, it is used for polishing glass and jewellery; 
ground with oil it forms a cheap red paint. 

Ferric Hydrate (hydrate of sesquioxide as iron), 

i V^HO*' — '^^^^ compound is prepared by adding 

ammonic hydrate in excess to a solution of ferric 
chloride, or any other soluble ferric salt: — 



';'JZ "Z 






■ ■ ■ P« 



•^. . *- - 
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oxide is the iron ore known as loadstone or magnetic 
iron ore. It is of a lustrous black colour. It is pro- 
duced when iron is burnt in air or oxygen, and when 
steam is passed over the red-hot metal. The iron 
yielded by it is of excellent quality. 

Ferric Acid, Fe02Ho2. — ^When one part of ferric 
oxide and four parts of potassic nitrate are mixed 
together and heated to redness, a brown substance 
is obtained, which, when dissolved in water, gives a 
purple solution of potassic ferrate (Fe02Ko2) Potassic 
ferrate is decomposed by organic matter, and also by 
acidsy with formation of ferric oxide. Ferric acid has 
not been isolated. 

Ferric Disulphide (bisulphide of iron), FeS|^.— 

This occurs as a natural production, forming iron 
pyrites^ martial pyrites, or brass lumps. It crystallizes 
in cubes, octahedra, and dodecahedra, which are of 
a brassy lustre. It is formed in some cases by the 
gradual deoxidation of sulphates by organic matter 
in the presence of solutions of iron salts. When 
exposed to the air it oxidizes, forming ferrous sulphate, 
especially if moistened with water at the same time. 
It is largely used under the name of mundic in the 
manufacture of sulphuric acid. 

Ferric Chloride (sesquichloride, perchloride, or 

permuriate of iron) X p pi^- — If chlorine in excess 

be passed over red hot iron filings, or if ferric oxide 
be dissolved in hydrochloric acid, ferric chloride is 
produced : — 

(x).Fe + 3CI, = {fg. 

Iron. Chlorine. Ferric chloride. 

X 
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# 



f 



(^) ggo + 6HC1= {ga» + 3OH 

Ferric oxide. Hydrochloric Ferric Water. 

acid. chloride. 

The first process gives it in anhydrous brown 
scales ; the second in solution, which on evaporation 

yields red crystals of<p^pA60H2; both forms are 

deliquescent It is soluble in alcohol : this solution 
is used in medicine. It is also obtained by oxidizing 
a solution of ferrous chloride with nitric acid, chlorine, 
or any other oxidizing agent. 

Ferric Sulphate (per - or sesqui-sulphate of iron), 
SsOgCFeaOg)**. — ^This salt is prepared by boiling a 
solution of ferrous sulphate acidulated with sulphuric 
acid, with nitric acid, until no more red fumes are 
given ofif ; or by dissolving ferric hydrate in sulphuric 
acid : — 

(i) 2S02Feo'' + SO2HO2 + N02Ho=:SsOa(Fe.Oe)^ 

Ferrous Sulphuric Nitric Ferric sulphate, 

sulphate. add. acid. 

+ OH, + NOHa 

Water. Nitrous add. 
<'^ {peHOs +3SO,Ho,=S8O,(Fe,O^" + 60Hf 

Ferric hydrate. Sulphuric acid. Ferric sulphate. 

It forms a yellowish white deliquescent mass on 
evaporation, having the composition SsO^iFefi^f^i 
9OH2, which loses its water when moderately healed 
On addition of potassic sulphate to a solution of it, 
and spontaneous evaporation ofthemixtuxe^pofassium- 
iron alum is obtained : — 

SaOeCFeA)^ + SO^Ko^ = SACFe^O^^Ko^ 
Ferric sulphate. • Potassic sulphate. Dipotassic-di&rric 

tetiasulpbiUe. 
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Ferric sulphate is used in dyeing blacks, and is 
commonly, though incorrectly^ called nitrate of iron^ 
as it is made by the first process given above, in which 
nitric acid is employed. 

Ferric Phosphate^ ViOii^tfi^yAQ^^r—This 

salt is obtained as a white precipitate on mixing solu- 
tions of ferric chloride and hydric-disodic phos- 
phate : — 

{ fIci' ^ 2PONa02Ho = 2P02(Fe20e)^ + 4NaCl 

Ferric Hydric-disodic Ferric phosphate. Sodic 

chloride. phosphate. chloride. 

-». 2HCL 
Hydrochloric acid. 

It is insoluble in acetic acid, but soluble in ferric 
acetate, and is sometimes produced in estimating 
phosphoric acid. 

Tests for Ferrous Compounds.—YexroMS salts, when 
hydrated, and their solutions, are of a pale green 
colour ; the anhydrous salts are white. 

Sulphuretted hydrogen gives no precipitate in their 
acidified solutions. Ammonic sulphide throws down 
the black hydrated sulphide (FeS). Potassic or sodic 
hydrate precipitates the white ferrous hydrate (FeHOg), 
which changes to green, and then to brown, on expo- 
sure to the air. Potassic ferrocyanide causes a bluish 
white precipitate of dipotassic- ferrous ferrocyanide 
(FeTe^Cy^Kg), which becomes of a darker blue by 
exposure to the air; the precipitate is decomposed 
with precipitation of ferrous hydrate by potassic hy- 
drate : it is insoluble in dilute acids. Potassic ferri* 
cyanide causes a dark blue precipitate of ferrous 
ferricyanide (FeoFcgCyiij), known as TumbtUVs bltu; 
it is decomposed, like dipotassic-ferrous ferrocyanide, 
by potassic hydrate, and is insoluble in acids. 



2 
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Tests far Ferric Compounds. — Ferric salts in solution 
have a yellow or reddish brown colour. 

Sulphuretted hydrogen reduces ferric salts to fer- 
rous salts, with a separation of sulphur, which renders 
the liquid inilky : — 

{FeCis "" ^S^2 = 4FeCl2 + 4HCI + S^. 

Ferric chloride. Sulphuretted Ferrous Hydro- Sulphur. 

hydrogen. chloride, chloric add. 

Amnionic sulphide precipitates ferrous sulphide, as 
ferric sulphide cannot be formed in this way : — 

2 1 ^3\ + 6SAm2 = 4FeS +8,-1- i2AmCl. 

Ferric chloride. Ammonic Ferrous Sulphur. Ammonic 

sulphide. sulphide. chliCMide. 

Soluble hydrates precipitate brown ferric hydrate 
( I FpHo^) ^ "^soluble in excess of the reagent, soluble 

in acids. Potassic ferrocyanide causes a dark blue 
precipitate of ferric ferrocjranide (Fe'^st^^yeJ^V*"" 
commonly called Prussian hlue^ insoluble in adds, 
decomposed by soluble hydrates. Potassic ferri- 
cyanide produces no precipitate, but the solution be- 
comes deeper in colour. Potasdc sulphocyanide 
changes the colour of ferric salts to a deep blood-red, 
owing to the formation of a soluble ferric sulpho- 
cyanide. This is a delicate reaction. 

Cobalt— Co. 

Atomic weight, 58-8. Atomicity,VI.,(?),IV.,andII. Sp.gr., 8-$. 

Special Notice. — Cobalt was discovered in 1733, by 
Brandt. 
Occurrence in Kature.— This metal occurs in 
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the metallic state in meteoric stones along with nickel, 
irony &C. Its principal ores are speiss cobalt^ or tin^ 

white cobalt^ i"A ^^" \ ^s cobalt glance^ and cobalt 



t"<^{\^)- 



Preparatioil. — The ore is roasted to expel the 
arsenic ; dissolved in aqua regia^ evaporated to dryness, 
re-dissolved in water, and sulphuretted hydrogen 
passed through the liquid to precipitate copper, bis- 
muth, and arsenic. The filtrate is then boiled with 
nitric acid to convert the ferrous salts present into 
ferric salts ; ammonic hydrate is then added, which 
precipitates ferric hydrate, while the cobalt, together 
with any nickel which the ore may have contained, 
remains in solution. These two metals are then pre- 
cipitated together as sulphides, the sulphides re-dis- 
solved in nitric acid, and treated, after dilution, with 
a current of chlorine gas, or a solution of bromine, and 
afterwards digested for twelve hours on baric car- 
bonate; the cobalt is gradually precipitated as cobaltic 

oxide f < p?qO j. The mixture of excess of baric 

carbonate and cobaltic oxide is then dissolved in 
hydrochloric acid, the barium precipitated as sulphate 
by adding sodic sulphate, and the cobalt precipitated 
as cobaltous hydrate (CoHOg) by sodic hydrate, which 
is then reduced in a current of hydrogen. The 
process is very complicated. 

Properties. — Cobalt is a hard, infusible, strongly 
magnetic, reddish grey metal. It is soluble in sul- 
phuric and hydrochloric acids, with evolution of 
hydrogen; nitric acid also dissolves it freely. It 
oxidizes by exposure to the air. It is more tenacious 
than iron. 
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(NO. 
Cobaltoas Hiirate (nitrate of cobalt), < Coo — 

(NOj 

This salt is prepared by dissolving the oxide in nitric 
acid : — 

(NO. 
CoO + 2NO2H0 = -? Coo* + OH.. 

(no, 

Cobaltous oxide. Nitric acid. Cobaltous nitrate. Water. 

It is a deliquescent salt. It is used for detecting com- 
pounds of certain metals with which it gives character- 
istic coloured compounds when heated on charcoal 
before the blowpipe ; for example, magnesium com- 
pounds become pink, those of aluminium blue, and 
zinc compounds become green. 

Gobaltic Oxide (sesquioxide of cobalt), < g^Q O. — 

This oxide is obtained by suspending cobaltous hydrate 
in water or potassic hydrate, and passing a current of 
chlorine through the liquid ; cobaltic hydrate is preci- 
pitated, and when gently heated is converted into 
cobaltic oxide. 

It forms a black powder, which, when strongly 
heated, loses oxygen, and forms cobaltous-dicobaltic 

tetroxide ( < n?o^^^")' corresponding to magnetic 

oxide of iron. 

Tesfs for Cobalt Compounds.'-^ the cobaltous 
salts (which are the only ones of importance) are 
lilac-coloured when anhydrous; their concentrated 
solutions are blue, and dilute solutions are pink or 
red. Sulphuretted hydrogen gives no precipitate in 
acid solutions. Ammonic sulphide precipitates a black 
hydrated sulphide (CoS). Potassic hydrate precipi- 
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tates first a blue basic salt, which an access of the 
reagent turns into the rose-coloured hydrate CoHOj). 
Before the blowpipe, cobalt compounds give in the 
oiddizing flame a very characteristic blue bead wiA 
borax. 

Nickel-NL 

Atomic weight, 588. Atomicity, VI. (?), IV., and II. 

Sp. gr., 87. 

Special Notice, — Nickel was discovered by Cronstedt 
in 175 1. It has a remarkable resemblance to cobalt, 
its atomic weight and atomicity being the same ; and 
it is always associated with it in nature. 

Occorrence in Nature. — Nickel occurs in the 

metallic state in meteoric stones; its principal ore, 

however, is Kupfernickel ( < ^"^ /Ni", nickelous di- 

arsenide). 

Preparation. — Nickel is prepared either firom 
Kupfernickel or speiss (impure nickelous sulphide- 

diarsenide, 'j'Aa^*^^*)' '^^^ process employed at 

Birmingham for extracting it from speiss on the laige 
scale, consists in first fusing it with calcic carbonate 
and calcic fluoride, grinding the resulting mass to 
powder, and heating it for twelve hours to expel the 
arsenic. The residue is dissolved in hydrochloric acid, 
the solution diluted, and the iron present converted 
into ferric salt by cautiously adding bleaching powder : 
calcic hydrate (solid) is then added to remove the 
iron as ferric hydrate. The precipitate is removed by 
filtration, and sulphuretted hydrogen passed through 
the filtrate ; this precipitates copper, lead, and bismuth 
as sulphides, leaving only nickel and cobalt in solution. 
After again filtering and boiling to expel excess of 
sulphuretted hydrogen, calcic hydrate is added till 
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the liquid is neutral ; and on now adding bleaching 
powder, cobaltic hydrate is precipitated, after removing 
which llie nickel is precipitated as nickelous hydrate 
(NiHo«j). The hydrate is mixed with charcoal, and 
heated in a crucible for an hour, a button of nickel con- 
taining carbon remains at the bottom of the crucible. 

Properties. — Nickel is a white, lustrous, hard, 
ductile metal. It is rather more fusible than iron, but 
exceeds it in tenacity. It is capable of being rendered 
magnetic. It is slowly soluble in hydro-chloric and 
dilute sulphuric acids, hydrogen being evolved ; nitric 
acid and aqua r^ia dissolve it rapidly. Heated in air 
it becomes oxidized. If brass be melted with nickel 
a white alloy known as German silver is obtained. 

Uses. — Nickel is principally used in the manufac- 
ture of German or nickel silver, the alloy just men- 
tioned — good proportions for making which are, in 100 
parts, copper 51 parts, zinc 30*6, and nickel, i8'4. 

Principal Compounds. 

Nickelous Compaunds (Compounds of Diad Nickel). 

Nickelous Oxide (protoxide of nickel), NiO. — 
This oxide is prepared by igniting the hydrate, nitrate, 
or carbonate in a covered crucible. 

It is of an olive-green colour, and forms nickelous 
salts by solution in acids. 

Nickelous Hydrate (hydrate of protoxide of 
nickel), NiHog. — This substance is obtained as a 
light green bulky powder by adding an excess of 
potassic hydrate to a soluble nickelous salt, and wash- 
ing the resulting precipitate well with boiling water. 
Ammonic hydrate dissolves it, forming a d^ep blue 
solution. 

Nickelous Sulphide (protosulphide erf nickel), 
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NiS. — ^This compound is found in nature as mUkrite^ 
capillary pyrites^ or hair nickel. 

Nickelous Chloride (chloride of nickel), NiClg. 

— ^This salt is formed by dissolving nickelous oxide 
or carbonate in hydrochloric acid. A green solution 
is obtained, which, on evaporation, yields crystals of 
the same colour, having the composition NiCl2,90H2. 
If these crystals be heated, water escapes, and a yel- 
lowish brown mass of the anhydrous chloride remains. 
Nickelous Sulphate (sulphate of njckelXSOgNio". 
— ^This salt is prepared by dissolving nickel, nickelous 
oxide, or carbonate, in sulphuric acid :«* 

Ni + SO0H02 = SOgNio" + Hjj. 

Nickel. Sulpnuric Nickelous Hydrogen. 

acid. sulphate. 

It is the most important of the salts of nickel. It 
crystallizes in green rhombic prisms, whose composi- 
tion is SOHo2Nio",60H2, and which change into 
octahedra by exposure to light. 

Nickelic Compounds (Compounds of Tetrad Nickel). 
Nickelic Oxide (sesquioxide of nickel), | §Jo^' 
may be obtained by gently heating nickelic hydrate :— 
fNiHos _ /NiO^ . ^^xT 

Nickelic hydrate. Nickelic oxide. Water. 

It forms a black powder, which is decomposed by a 
strong heat or by acids, giving off oxygen, and forming 
nickelous salts with the latter. 

Nickelic Hydrate (hydrated sesquioxide of 

nickel,) \ S^xjq^' ^^ prepared by treating nickelous 

hydrate suspended in water with a solution of bleach- 
if^ powder :~^ 
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sNiHo, + Clj = {g|g°3 + NiCl, 

Nickelous Chlorine. Nickelic Nickelous 

hydrate. hydrate. chloride. 

It forms a black powder, which is decomposed by 
acids similarly to the oxide. 

Tksts for Nickel Compounds. — ^Anhydrous nickelous 
salts are yellowish brown ; hydrated ones green. 

Sulphuretted hydrogen gives no precipitate in acidi- 
fied solutions. Ammonic sulphide precipitates the 
black hydrated sulphide (NiS), slightly soluble in 
excess of the reagent. Potassic hydrate in excess 
throws down nickelous hydrate (NiHog) of a pale 
green colour. Before the blowpipe, when fused with 
borax or microcosmic salt^ nickel compounds give a 
reddish yellow glass in the outer flame; the colour 
fades on cooling. In the inner flame gre3dsh par- 
ticles of metallic nickel are produced in the bead. 



EXERCISES. 

The equation explaining the reaction will furnish the data for 
the calculations. 

The atomic weights on pp. 3 and 4 must be used. 

The molecular weight of a compound in criths, with rare 
exceptions, measures two litres at the normal temperature and 
pressure (o*' C. and 760 m.m. Bar.). 

Series I. 
*l. Classify the following substances into elements and com- 
poimds : — ^water, chalk, common salt, iron, mercury, sul- 
phur, calomel, copperas, anmionia, oxygen, lime, sand. 
•2. Why is hydrogen regarded as an element, and hydrochloric 

acid as a compound ? 
3. Classify the following elements (i) into chlorous or n^^tive, 
and basylous or positive ; (2) into metals and non-metals : — 

* Science and Art Department Examination Paper, 1869. 
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17* One atom of zinc is found to displace two atoms of kydrogen, 
and five atoms of calcium excnange places with two atoms 
of antimony : explain this. 

18. Give graphic representations of an atom of phosphorus, 

silicon, carbon, boron, selenium, mercury, and chlorine, 
showing how many bonds each atom has. Express the 
same thing by means of Dr. Odling's atomicity marks. 

19. Oassify the elements in Exercise 3 according to their 

atomicities. 

20. Explain wh3^ phosphorus is frequently a triad as well as a 

pentad, but never a tetrad or dtad. 

Series V. 

21. Define a compound radical ; mark the atomicity of the fol- 

lowii^' radicals : — Zno, Cao, Bio, Amo, Am, Auo, AI30; 
give the symbols for the radicals (SnOj)' and (Sn04)'^. 

22. Write out the graphic formulae of the following compounds^— 

(NO, 
SOgCuo", CrOjHo,, 8OH0,, BaHo,, ] Bao^ Te^ci,, 

( NO, 
Cr,HO«, SiOflFejO'*. 

23. Write out constitutional formulae of the following; salts :— 

cadmic bromide, calcic chlorate, aluminic chloride, stannic 
chloride, strontic nitrate, ferric sulphate, ferrous sulphate, 
calcic orthophosphate, magnesic silicate.* 
Name the following salts :—80oCao", SOCao", 8S'ONao„ 

! 0Ko» NONao, Cao"Cl„ [ gow CrO,Ko„ COCao", 

AsOKos, SiMno",, SsO^Al^oV. 

24. What are tribasic acids ? Give examples. 

25. What is the difference between atomic and molecular com- 

bination ? Give examples. 

Series VI. 

26. What weight of hydrogen 'gas will be evolved by the solution 

of 100 grammes of zinc in dilute sulphuric acid?t 

Ans. 3*07 grammes. 

27. How many litres will the hydrogen of (26) measure at the 

normal temperature and pressure ? Ans. 34*34 litres. 

• See table of salts, p. 33. 

t Example 12. What weight of hydrogen will be evolved by 
acting on hydrochloric acid with 10 grammes of magnesium ? 
By the equation, — 
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28. If 10 grammes of sodium (Na) be placed upon water, how 

mu(£ sodic hydrate (NaHo) will be formed ? 

Ans. 1 7 '39 grammes. 

29. If steam be passed through a red-hot porcdain tube con- 

taining 10 grammes of iron filings until they become com- 
pletely converted into magnetic oxide of iron (Fes04), how 
many litres of hydrogen will be obtained ? 

Ans. 5*31 litres. 

30. Sixty-five grammes of zinc are dissolved by boiling in potassic 

hydrate (KHo), and the hydrogen evolved burnt in oxygen: 
how much water wUl be produced ? Ans. 18 grammes. 

Series VII. 

31. How many litres of chlorine will be evolved by acting on a 

kilo, of manganic oxide (MnO|) with hydrochloric acid ? 

Ans. 256*56 litres. 

32. How much argentine chloride (AgCl) will be formed by 

adding an excess of argentic nitrate (NOgAgo) to a solution 
of 10 grammes of common salt (Nad) ? 

Ans. 24*53 gnunmes. 

33. How much salt cake (SOiNao,) can be obtained from a ton 

of salt (NaCl) ? Ans. I *2 1 3 tons. 

Mg + 2HCI = MgCl, + H,. 

24 2 

Mg. Mg. H. H. 



.*. as 24 : 10 :: 2 : jr. 



10 ^ 2 „ ^, , 

X = — —-- = '83 gramme of hydrogen. 
24 

Example 13. How many litres of hydrogen, at o* C. and 760 

m.m. Bar., will be evolved in (28) ? 

By the equation, — 

Na, -h 2OH, = 2NaHo + H,. 

46 2 

Therefore 46 criths of sodium yield 2 criths of hydrogen. 
2 criths of hydrogen = 2 litres. 
Gnunmes Na. Gr. Na. Lit. lit. 

.% As 46 X -0866 : 10 : : 2 : X. 

^ = 46 X *o896 = ^'^5 litres of hydrogen. 
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34. How much common salt, sulphuric acid, and manganic oxide 

respectively will it require to produce 100 litres of chlorine 
gas? Ans. NaCl, 524' 16 grammes. 

SOjHoj, 887-08 
MnO„ 38976 

35. How much silver is contained in 100 grammes of argentic 

chloride? Ans. 75 '26. 

Series VHI. 

36. A gas bag holding 20 litres is required to be filled with 

oxygen at the normal temperature and pressure : how 
much potassic chlorate must be used? 

Ans. 73*173 grammes. 

Example 14. How much sodium is contained in 10 grammes 
of common salt ? 
By the formula, — 

Na. CI. 

23 + 35*5. 



58*5 

I. Nj~ 



NaCl. NaCl. Na. 

/.as 58-5 : 10 :: 23 : x. 

See also Example ii, p. I22 ; and on p. 123, for 37*9 litres of 
HCl, read 38-15 litres. 

Example 1 1 may also be worked as follows : — 
By the equation, 1 17 criths of NaCl yield 73 criths of HCl. 

73 criths ^ 4 litres. 
Grammes NaCl. Gr.NaCl. Lit. HCl. Lit HCL 

/, as 117 X -0896 : 100 :: 4 : x, 

100 X 4. 
' = 117 X 0896 = 38>5 Mf« of HCL 

Example 15. If 10 litres of chlorine be mixed with 10 litres of 
sulphuretted hydrogen, how much hydrochloric acid gas will be 
produced ? 

By the equation, — 

2SHa -h 2CI, = 4RCI -f Sj. 

2 molecules 2 molecules 4 molecules 

(4 volumes). (4 volumes). (8 volumes). 
The chlorine forms double its volume of hydrochloric acid. 
. * . 10 litres of chlorine will form 30 litres of hydrochloric acid. 
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37. From a given weight of manganic oxide (MttOiy, how mach 

more oxygen can be obtatMd by heating it with tolphuric 
acid than by heating it alone ? Ans. § more. 

38. If 5 litres of dilorine gas be mixed with steam, and the mix- 

ture sent through a red-hot porcelain tube, how many litres 
of oxygen will be liberated ? Ans. 2*5 litres. 

39. 100 cubic metres of oxygen are recjuired : how much 

sulphuric acid must be decomposed m order to furnish it 
(see p. 68) ? Ans. 878,080 grammes. 

40. 100 C.C. of ozone are heated strongly : how many cc. of 

oxygen will be obtained ? Ans. 150 ac* 

Series IX. 

41. If 28 cc. of hydrogen be mixed with 15 cc. of oinrgen, how 

many cc. of water vapour will be fonned, calcolated at o" 
C. and 760 m.m. Bar., and what will it we^h ? 

Ans. 28 cc, and '0225792 gramme. 

42 . What is the weight of a litre of water vapour, calculated at 

o"" C. and 760 m.m. pressure? Ans. 9 criths. 

43. If die hardness of a water showing 12 d^rees of haidness with 

Clark's soap-test,* arise wholly from me presence of calcic 
sulphate (SOgCao'') in solution, how many grains of this 
salt per gallon does the water contain ? 

Ans . 1 6 '32 grammes of SO,Cao". 
•44. How is hydroxyl prepared ? what are the relations of this 
substance to water and slaked lime ? and to what useful 
purpose has it been applied ? 

45. What weight of pure hydroxyl (Ho,) can be obtained from 

I lb. (^ baric peroxide (BaO,)? Ans. '201 1 lb. 

Series X. 

46. How much bleaching powder (Ga[OCl]Cl) can be made with 

a ton of lime (G&O) ? Ans. 2*267 ^^^^' 

47. How many litres of chlorine wiU it require to convert i kilo- 

gramme of lime (GftO) into bleaching powder? 

Ans. 398*59. 

48. How many litres of chlorine are require to furnish a kilo, of 

potassic chlorate? (see pp. 83 and 176). 

Ans. 546*64 litres. 

49. What are meant by allotropic modifications? Give numerous 

examples. 

50. Write out the constitutional and graphic formula? of the com- 

pounds of chlorine with oxygen and hydroxyl. 

- . .3. .. . . 
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Series XI. 

51. How much dry calcic chloride (CaCl,) can be obtained by 

dissolving a kilo, of chalk in hydrochloric acid ? 

Ans. 1,110 grammes. 

52. How many litres will the carbonic anhydride evolved in 

(51) measure at 0° C. and 760 m.m. Bar.? 

. Ans. 223*16 litres. 

53. If 100 litres of carbonic oxide be mixed with 50 litres of oxy- 

gen gas, and the mixture exploded, how many litres of car- 
bonic anhydride will be formed ? Ans. 100 litres. 

54. If 100 litres of Carbonic anhydride be passed through a red- 

hot tube containing charcoal, how many litres of carbonic 
oxide will be obtained ? Ans. 200 litres. 

55. How many litres of carbonic oxide can be obtained from 

100 grammes ofdryoxaUc acid, j ggj^" ? 

Ans. 24*3 litres. 

Series XII. 

56. The density of atmospheric air is 14*4 : show that this is also 

the calculated density of dry air, air being considered to be 
a mixture. 

57. How many litres of ammonia gas can be obtained from 100 

grammes of sal ammoniac (NH4CI)? Ans. 41 72 litres. 

I NO, 

58. How much cupric nitrate, < Cuo", can be obtained by dis- 

(NO, 
solving 10 grammes of metallic copper in nitric acid 
(NOjHo)? Ans. 29*52 grammes. 

59. What is the weight of 10 litres of ammonia gas, calculated 

by Williamson's standard ? Ans. 7*59 grammes. 

60. How much more nitric acid (NOsHo) can be obtained from 

a kilo, of sodic nitrate (NOsNao) than from a kilo, of 
potassic nitrate (NOaKo) ? Ans. 117 41 grammes. 

Series XIII. 

61. How many litres of laughing gas (ON,) can be obtained from 

a kilo, of anmionic nitrate (NOgAmo) ? 

Ans. 279*01 litres. 

62. Ten litres of gas are measured off at 0° C. and 760 m.m. 

Bar. : how many Htres will they measure if raised to 
100* C. and under a pressure of 750 m.m. ? (see p. 117). 

Ans. 13*84 litres. 
Y 
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•63. I measure 103 c.c. of dry nitrogen at 10* C. and 650 m.m. 
mercurial pressure : what wiU be its volume at 0° C 
and 760 m.m. pressure, and how much will it weigh in 
grammes? Ans. 82*5 c.c. 

64. What is the theoretical quantity of pure nitric acid obtain- 
able from one ton of sodic nitrate? Ans. 741 1 ton. 

*65. I take equal volumes (measured at the same temperature 
and pressure) of hydrogen, nitrogen, hydrochloric add, 
gas, steam, and carbonic anhydride, and find that the 
nitrogen weighs 56 grammes. Required the weight of 
each of the other gases. 
Ans. H=4, Ha=73, 0H,-36, CO|=88 grammes. 

Series XIV. 

66. The iodine in 100 volumes of hydriodic acid is fiberaied in 

succession by chlorine and oxygen : how many volumes 
of chlorine and of oxygen are required ? 

Ans. 50 volumes of chlorine and 25 vols, of oxygen. 

67. 50 litres of gas are measured off at 13* C. : what will they 

measure at— 40*" C, the pressure remaining the same? 

Ans. 40*73 litres. 

68. To what temperature must 18 litres of oxygen be raised in 

order that it may fill the bag in Elxercise 36 ? 

Ans. 3oJ* C. 

69. 100 c.c. of gas are measured off at 20^ C. and 755 m.m. 

Bar. : how much will they measure at — 20° C. and 765 
m.m. Bar? Ans. 85*21 c.c 

70. To what pressure must 80 litres of gas measured at 760 

m.m. Bar. be reduced in order that it may measure 100 
litres, the temperature remaining the same ? 

Ans. 608 m.m. Bar. 

Series XV. 

71. What is the weight in criths and in grammes of i litre eadi 

of nitrous oxide (ON3), carbonic anhydride (CQt), car- 
bonic oxide (CO), and iodine vapout? 
Ans. Criths QNj .= 22, CO. = 22, CO = 14, I = 127, 

Grammes QN, = 1*97, COg = 1*97, CO = 1*25, 

I = 11-37. 

72. 80 criths of dry ammonic nitrate yield 2 litres of nitrous 

oxide gas (ON^) : how* many litres can be obtained £nom 
100 grammes of ammonic nitrate ? Ans. 27*^ litres. 

* Science and Art Department Examination Paper, 1869. 
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73. How many litres of sulphurous anhydride (SO^) would be 

obtained by dissolving 100 grammes of copper in sul- 
phuric acid (SO2H02)? Ans. 35*15 litres. 

74. How much crystalliz«l cupric sulphate (SO2Cuo",40H,) 

would be produced in (73) ? Ans. 364*56 grammes. 

75. In a vessel containing 100 litres of air, sulphur is burnt until 

the whole of the oxygen is consumed : what will then be 
the composition of the atmosphere by volume ? 

Ans. SOg =: 20 litres ; N = 80 litres. 

Series XVI. 

76. If 64 lbs. of sulphur be burnt in air, how many lbs. of 

sulphurous anhydride (SO,) will be obtained ? 

Ans. 128 lbs. 

77. What weight of sulphuretted hydrogen (SHj) will be evolved 

by acting on I kilo, of ferrous sulphide (FeS) with dilute 
sulphuric acid ? Ans. 386*36 grammes. 

78. How many litres will the gas evolved in (77) measure at 

o" C. and 760 m.m. Bar. ? Ans. 253*65 litres. 

79. How much sulphuric acid (SOsHo,) can be manufactured 

from I ton of pure iron pyrites (F6S,)y supposing all the 
sulphur to be available ? Ans. i '63 tons. 

80. How much sulphur is contained in 100 grammes of sul- 

phuric acid (SOjHo,)? Ans. 32*65 grammes. 

Series XVII. 

81. 100 grammes of baric stdphate (SO^Bao") are precipitated 

from a solution of Glauber^s salt (SOfNaoiyioOH,) by 
means of an excess of a solution of baric chloride (BaCl,): 
what weight of Glauber's salt was in solution ? 

An& 138*19 grammes. 

82. How much cupric sulphide (CuS) will a litre of sulphuretted 

hydrogen (bH,) precipitate from an acid solution of cupric 
chloride (CuCl^)? Ans. 4*2784 grammes. 

83. How much sulphur is contained in a kilo, of carbonic disul- 

phide, CSg? Ans. 842*105 grammes. 

84. How many litres of carbonic and sulphurous £uihydrides re- 

spectively will be produced by the complete combustion 
in air or oxygen of 100 sframmes of carbonic disulphide ? 
Ans. 29*37 Htres CO, and 5874 litres SO,. 

85. How much sulphuric acid (SOjHo,) can be obtained from i 

ton of crude sulphur, containing 90 7o of pure sulphur ? 

Alls. 2*75625 tons. 
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Series XVIII. 

*S6. If 50 grammes of sodiimi be heated in a cnrmtt 6( hydnv 
biomic acid gas nnlil it is completely converted into sodic 
bromide, what will be the weight and volume of tfaehydro- 
gen liberated ? Ans. 2'173 grammes ; 24*26 litres. 

E7. A current of sulphuretted hjdrt^en is passed into water 
containing So giammes of bromine, until the bromine is 
converted into hydrobromic acid : how much sulphur will 
be obtained ? Ans. 16 grammes. 

88. How much iodine will be separated from a solution of potas- 

sic iodide by passing a litre of chlorine gas into it 7 

Ans. 1 1 ^379^ grammes. 

89. How much hydrofluoric add (HF) can be obtained by 

treating a kilo, of cryolite (AI,F(,6NaF) with sulphmic 
acid ? Ans. 570 grammes. 

9a How much silica (SiO,) will be required to furnish 100 
litres of silicic fluoride (StF,}? Ans. 27it)4giammes. 
Series XIX. 

91. How many litres of phosphorous vapour, calculated at 0° C. 
and 760 m.m. Bar., can be obtained from a kilo, of pmv 
bone ash (PiOjCao'i), supposing all the phosphorus 
available ? Ans. 36 litres. 

91. How many litres of phosphoretled hydrogen (I'H,) can be 
obtained by boiling 10 grammes of phosphorus with sodic 
hydrate (NaHo) ? Ans. I'S litres. 

93. Howmuch crystallized rhombicsodicphosphalelPONao " 
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•97. You have mercury, a glass flask, and a piece of hard glass 
tube, and are required to make pure oxygen : how will 
you do it ? 
•98. "What is the weight in grammes of one litre each of the fol- 
lowing gases and vapours measured at o" C. and 760 m.m. 
Bar. ? — nitrogen, arsenic, mercury, mercuric chloride, 
sulphurous anhydride, ammonia. 

, Ans. N ^ 1*25 grammes. 

As = 13-44 » 
Hg= 896 „ 
HgClj, = 1214 „ 
SO, = 2-86 
NHs = '76 gramme. 
99. How much calcic carbonate (COCao") must be decomposed 
in order to furnish sufficient carbonic anhydride to convert 
10 grammes of potassic hydrate (KHo) into potassic car- 
bonate (COKo,)? Ans. 8*928 grammes. 

100. How much metallic potassium will be required to furnish 

100 grammes of potassic hydrate (KHo) ? 

Ans. 69*64 grammes. 
Series XXI. 

101. One ton of common salt has to be converted into crystallized 

sodic carbonate by Le Blanc's process : what weight of 
GONaOjyioOHg will be obtained, supposing there is no 
loss? Ans. 2*44 tons. 

102. Show by an equation what takes place when chlorine gas 

is passed into a solution of sulphurous acid (SOHog). 

103. One gramme of ammoniochloride of platinum (2AmCl, 

PtCl4) is ignited : how much metallic platinum will 
be left ? Ans. '441 gramme. 

104. If 100 grammes of metallic zinc be placed in solution of 

cupric sulphate (SO,Cuo"), how much metallic copper 
will separate ? Ans. 97*69 grammes. 

105. How many grammes of metallic lead can be got out of lOO 

grammes of red-lead (Pb804) ? 

Ans. 90*656 grammes. 

Series XXII. 

106. What are the densities of carbonic oxide (CO), carbonic 

anhydride (CO,), and hydrochloric acid gas (HCl), re- 
ferred to hydrogen as unity ? 

Ans. CO = 14, COj = 22, HCl = 18*25. 

Science and Art Department Examination Paper, 1869. 
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ia gas be decomposed by the electric 

dischoi^e, how maar c.c of nitrogen and hydrog«D i«- 

spectively will be obtained ? Ans. Nitrogen ^ 5 cc 

Hydrogen ^ 15 c.c 

i. 10 litres of gas are measured at 0° C. and 76a na.ta. Bai. ; 

what will they measure at 15° C. and 750 m m. Bar, ? 

Ans. 10 '69 litres. 
K What is the difference between limestone, hme, and slaked 

lime? Give the formula of each. ' 
I. By what {»ix:ess are stalactites foimed ? 

Seriks XXIII. 
- A gas at 0° is raised in lempeiature to lz°, and then oc- 
cupies the space of 1995 litres : what was its original 
Tolume ? Ads. 1911 litres neaily. 

. A quantity of argentic oxide (OAg,) on being heated yields 
to c.c. ot oxygen : what was the weight of the oxide ? 
Aos. '2078 gramme. 
. How much argentic nitrate {KO,Ago) can be obtained by 
dissolving i oz. of pure metalhc silver in nitric aod 7 






■S74 



_ What rate of crystalliicd baric chloride (BaCLsZOH,) 
can be obtained from 10 grammes of heavy spar 
(80,Bao")? Ans. 10-47 grammes. 

,. How much chalk will be formed by burning a gramme of 
charcoal and passing the product of combustioa into an 
8 "3 grammes. 
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118. If I cwt. of magnesian limestone (Cj02Mgo"Cao") be 

treated with sulphuric acid, how much crystallized mag- 
nesic sulphate (SOHo2Mgo",60H2) will be obtained? 

Ans. 14973 lbs. 

1 19. How much magtiesia is contained in 10 grammes of mag- 

nesic pyrophosphate (PgOgMgo^j) ? . . 

Ans. 3*603 grammes. 

120. The, iron in 10 grammes of ironstone as a ferrous salt is 

found to reduce 2 "81 grammes of potassic bichromate : 
what per-centage of iron does the ironstone contain ? • 

Ans. 32 per cent. 

Series XXV. 

121. What is the per-centage composition of the following sub- 



stances ? — 

Calcic carbonate (GOCao"). Ans. 



Ca "^ 40 
C = 12 
O = 48 

100 
N = 26-17 

Ammonic chloride (NH4CI). Ans. ^ H = 7*47 

CI = 66-36 

100 



( CrOjKo 

• ^ O + 6FeCl, + I4HC1=2KC1 + CrjClg + 3FeCle+70H,. 

( CrOjKo 

Example 16. — What is the per-centage composition of sodic 
carbonate (CONaoj) ? 

By the formula, — C = 12 

Nas= 46 

Oa =48 

106 

Per centage 
C. comp)osition. 
X =: ii'32 C 
Na. 

X = 43 '39 Na. 
O. 
X =» 45-28 O 

99*99 



CONao,. 


CONao,. C. 


.*. As 106 


: 100 :: 12 : 




Na. 


106 


: 100 :: 46 : 




0. 


106 


: 100 :: 48 : 



3^8 

ComiUDD salt (N>CI). 



{ S = 32-65 
Snlphmic acid (SO|Ho,). Ads. {O = 6531 

. ( N = V?47 

Sodic nitrate {HO,Nao). Ans. { O = 5647 

( Na =J7ia6 

1 Al = 13-07 

CiToUte (6NaF, A1,F,). Ans. \ Na= 3278 

(F = 54-15 

Series XXVI. 

izi. WliaC are theempiricalfonnulxandnamesof thesDbstancet 

having the following per-centage comjjosition? — 

Bxamfit 1 7. A substance has been found to consist of caldnm, 

phosphorus, and oxreen, in the following proportions: — 

Caelum . . 3871 

Phosphorus . . 2O'0O 

O^ij^en . . 41-29 
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a. Carbon = 42*86 
Oxygen = 57'H 

100 

b, Silicon = 20*28 
Magnesium = S4'i6 
Oxygen = 45 'S^ 

100 
€. Phosphorus = 18*90^ 



Ans. CO. 



Ans. SiMgo%. 



Sodium 
Oxygen 



= 42*07 

= 39*03 

100 
= 70*01 ) 
= 29*99/ 



d. Iron 
Oxygen 

100 

e. Manganese = 72*05 
Oxygen 

f. Carbon 
Oxygen 
Magnesium = 13 '04 
Calcium = 21*74 

100 




Ans. PONaoj. 



Ans. FSsOj. 



Ans. M1I8O4. 



Ans. CsO,Mgo''Cao". 



Now multiply by 2, to get rid of '5, and we have 3 atoms of 
Ca, 2 atoms of P, and 8 atoms of O. The formula therefore is — 

PjOeCas or PjOjCao^s. 
Example 18. What is formula of a substance having the fol- 
lowing per-centage composition ? — 

Sodimn = 8*73 
Aluminium ^ 10*39 
Silicon = 32*32 

Oxygen = 48*56 

100 
Thcf relative number of atoms is obtained by dividing each 
per-centage amount by its atomic weight : — 
8*73 

Then—- = '379, relative number of atoms of Na. 
23 



io'39 _ 

27-5 "■ '^^^' 



3232 



= I '134, 



28-5 
4856 
—6" = 3*035, 



>> 



>* 



*» 



*> 



>* 



>) 



Al. 
Si. 
O. 



These relative nmnbers are most readily reduced to their sim- 
plest relation by dividing each of them by the lowest, and 
allowing for eirors of analysis, thus : — 

. , — I. No. of atoms of N«. 



The empirical foimuta of the substance is therefore SijNaAICV 
and by doubling the fonnula in order that we may have the almninic 
radical we have the constitutional formula Si«0|Nuij(AljPg)". 

FIRST STAGE OR ELEMENTARY EXAMINATION, 

MAY, 1871. 
I . You have given to you some sulphur, water, and nitric add. 
Describe how yon would make sulphuric add &om these 
materials. (11.) 
3. I mix together chlorine and hydrogen, and expose the 
mixture to sunlight ; what happens? At the teiminatiOD 
of the experiment I add ammonia to the product. What 
is the name and formula of the compound formed ? (8.) 
' ' 'le folio* ' 



words the meani ng of the foUowing equation : 
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Hydrochloric acid Nitric acid 

Water Ammonic nitrate 

Ammonia Sulphuretted hydrogen 

Carbonic anhydride Sulphurous acid 

Boric anhydride Sulphuric acid 

Ammonic chloride. (12.) 

8. How much, by weight, of each element is contained in 100 

lbs. of a compound whose formula is SO4N8H8 ? (9. ) 

9. How does boron occUr in nature, and how would you prepare 

boric anhydride from borax ? (8.) 

10. If I bum a piece of sulphur in a closed flask filled with 

atmospheric air, what substances shall I find in the flask 
at the end of the operation, and what will be the relation 
between the volume of the gases originally contained in 
the flask and that of the gases found there at the close of 
the experiment ? If I repeat the experiment ii> a flask 
filled with pure oxygen instead of atmospheric air, what 
difference shall I find in the composition and volume of the 
resulting gases ? ( 1 5 . ) 

11. Classify twenty- two of the most important elements into 

metals and non-metals; also into positive and negative 
elements. (12.) 

12. You have some ammonic carbonate (carbonate of anmionia) 

and nitric acid, and are required to make and collect 
laughing gas from these materials. How would you do 
it ? Describe minutely the apparatus you would employ, 
and make a sketch of it. What are the chief properties of 
laughing-gas ? ( 14. ) 

SECOND STAGE OR ADVANCED EXAMINATION. 

20. In dissolving zinc in hydrochloric acid, and collecting the 

hydrogen evolved, 250 cubic centimetres of the gas 
measured at o" C. and 760 m.m. pressure were obtained? 
How much zinc was dissolved ? (9. ) 

21. I pass sulphuretted hydrogen through an aqueous and acid 

solution of the following salts : — 

Ferric chloride. Cadmic sulphate. Stannic chloride. 
Chrome alum. Potassic chromate. Magnesic sulphate. 

Explain the changes which occur, and draw graphic 

formulae of the products. (15.) 

22. You are required to perform a qualitative anal3rsis of a solid 

substance containing the following ingredients : — Baric 
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carbonate, sodic snlphate, cupric chloride, zincic dJoiide, 
and magnesio chloride. Stale exactly how yoa will 
separate and individually recognise each '" '' 



. What substances give to water the quality of hardness, and 
how do you distinguish between temporary hardness and 
il hardness? (ii.) 



pemiane 
24. What do yi 

Illustrate your meaning by examples. (11, 
ZJ. Vou have some nitric add and metallic copper given to you, 

and are required to prepare nitn^en gas from these 

materials. How will you do it ? (12.) 

26. I heal each of the following substances to redness in a por- 

celain crucible ; what takes place? Illustrate all chemical 
changes by equations : — Ammonic nitrite, ammonic nitrate, 
hydric disodic phosphate, sodic chloride, mercuric iodide, 
platinic chloride, plumbic nitrate, ai^entic oxide. (13.) 

27. Describe the process of manufacturing soda ash, as carried 

on in the alkali works of this country. (13.) 

28. How would you prepare a specimen of pure silica from fel- 

spar? (10.) 

29. How would you prepare hydriodic acid, and fill a glass 

cylinder with it ? (9.) 
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Weights. 

I gramme == the unit (15 '434 grains). 
10 ^[rammes = i decagramme. 
100 ,, =1 hectogramme. 

I OCX) „ ^ I kilogramme. 

*i gramme ^ I decigramme. 
•01 „ =1 centigramme. 
*ooi „ r= I milligramme. 

LiNBAR Measure. 

^ the unit (39*37 inches). 

= I decametre. 

= I hectometre. 

=7 I kilometre. 

:= I decimetre. 

^ I centimetre. 

= I millimetre. 

Measure of Capacity. 

=s the unit (61 '027 cin., or 1*76 pints). 

^ I decalitre. 

=: I hectolitre. 

= I kilolitre (i cubic metre). 

^ I decilitre. 

= I centilitre. 

= I millilitre (i cubic centimetre). 

I cubic centimetre of distilled water, taken at 4" C, its point of 

greatest density, weighs i gramme. 
I litre of distilled water, taken at 4" C, weighs looo grammes. 
I litre of hydrogen at 0° C. and 760 m.m. Bar. weighs I crith. 

I Crith =s 0896 Gramme. 



I 


metre 


10 


metre 


100 
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1000 


if 
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•001 „ 
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>> 


•001 „ 



APPENDIX. 

E Science and Art Defartueht. 

Inorganic Chemistry. 



Pupils presenting themselves for eiamination will be opected 
lo possess a knowledge of the following subjects : — 

Definition of chemislry. Simple and compound matter. 
Different modes of chemical action. Combining weights. 
Volume Weights. Principles of chemical nomenclature. Sym- 
bolic notation. Graphic notation. Chemical forroulx. Cbniii- 
cbI equations. Atomicity of elements. Simple and compoimd 
radicais. DeHnition of a compoimd radical. Clas^catum of 
elements into metals and non-metals, into chlorous and ba«iloiu 
elements. Clasafication according to atomicity. 

French and English systems of we^;hts and measiu-e*. Con- 
version of Engli^ into French weights and measures. Tbe 
crith and its uses. 

HydrogtH. — Its preparation and properties. 

CUorint. — Preparation of chlorine from hydrochloric acid. 
Analysis and synthesis of hydrochloric acid. Properties and 
reactions of hydrochloric acid. 

Oxygen. — Its preparation and properties. Allotropic oiyf^ 
or oione. Formation and reactions of water. Preparation and 
properties of hydroxyl. Oxides and ojty-acids of chlorine. 

*' - --' — Its allotroinc modifica- 
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Expansion of gases by heat. Reduction of gaseous volumes to 
standard pressure and temperature. 

Manufacture of hydrochloric, nitric, and sulphuric adds. 
Composition and manufacture of bleaching powder. Theory of 
bleaching. Suitability of water for domestic purposes. Causes 
of permanent and temj)orary hardness in water. 

Bromine. — Hydrobromic and bromic acid. 

/<7^/W. — Hydriodic, iodic, and periodic acid. 

Fluorine. — Hydrofluoric acid. 

Silicon. — Silica. Silicic acid. Silicic hydride. Names and 
formula of some of the more important siliceous minerals. 

Phosphorus. — Phosphoretted hydrogen. Acids and anhy- 
drides of phpsphorus. 

Arsenic. — Arsenious and arsenic acids. Arseniuretted hydro- 
gen. Detection of arsenic. 

Antimony and Bismuth. — Preparation and properties of their 
chief compounds. 

The monad metals, especially p)Otassium, soditmi, and silver. 
Manufacture of soda ash. 

The diad metals — barium, strontium, calcium, magnesium^ 
zinc, cadmium, mercury, and copper. 

The chief properties of the following metals :— gold, alumi- 
nium, platinum, lead, chromium, noanganese, iron, cobalt, and 
nickel. 

Composition, preparation, and properties of the more import- 
ant compounds of these metals. 

Outline pf qualitative analysis. Reaction of the principal 
mineral acids and bases. Course pursued in the application of 
these reactions to the analysis of a mixture of several acids and 
bases. 



INDEX. 



Absoluts atomicity 
Acid — 

arsenic . 

arsenious 

boric 

bromic . 

chloric . 

chlorous 

chromic 

definition of 

dithionic 

ferric 

formic . 

flacial phosphoric 
ydriodic 
hydrobromic 
hydrochloric 
hydrofluoric 
hydrosulphuric 
hydrochlorous 
h3rposulphurous 
iodic 

metaboric 
metaphosphoric 
metarsenic 



PAGB 

26 

161 
161 



metastannic . 
muriatic 
nitric 

nitromuriatic . 
nitrous . 
orthophosphoric 
oxalic . 
pentathionic . 
perchloric 
periodic 
phosphoric . 
phosphorous . 
picric 
pyrarsenic 
pyrophosphoric 
seienic . 



*. 138 
81, 83 
81, 82 
. 281 

. 15 

• 136 

• 305 

• 93 
. 158 

141 

. 138 
. 62 

. 143 
. 125 

81 

. 136 
141 
. 86 
. 156 
. 161 

. 273 
. 63 

98, 102 
. 274 

98, 102 

. 157 

. 93 
. 136 

81,84 
. 142 

. 156 

. 155 

. 104 

161 

. 157 
. 250 



Acid- 
silicic . 

stannic . 

sulphosulphuric 

sulphuric 

„ Nordhausen 

sulphurous 

tetrathionic 

trithionic 
Acids — 

dibasic . 

monobasic 

tetxabasic 

tribasic . 
Active atomicity 
Afl&nity . 
Agate 
A^ibaster 
Albite . 
Alkali waste . 
Allotropic boron 

oxygen . 

phosphorus 
Alum 

burnt 

iron 

schist 
Alumina 
Aluminite 
Almninium 

compounds of 

discovery of , 

occurrence 

preparation 

properties 

tests for 

uses of 
Amianthus 
Ammonia 

liquid 

tests for 



26, 



PACK 

146 

273 
136 

131 
135 
130 

136 
136 



15 

15 

»5 

15 

38 

4 

144 

206, 212 

148 

184 

85 
69 

257 
258 

206 

257 

254 
257 
252 
254 
252 
252 

253 

253 

259 

254 
216 

104 

105 

109 



INDEX. 



337 



Ammonic salts . 107- 


PAGB 
—109 


Artiads . 


PAGE 

22, 26 


AmTnonium . 27, 


28 


, 106 


Asbestos . . 2 


16, 222 


amalgam 


• 


107 


Atmosphere . 


. 96 


Ammonoxyl . .27, 


a8, 29 


Atmospheric air, ana 


I- 


Amphibole 




216 


lysis of 


. 96 


Analysis 




63 


composition of < 


A 112 


Anhydrides . 




13 


Atomicity 


18 


Anhydride, arsenic 




i6i 


absolute 


26 


arsenious 




160 


active . 


26 


boric 




85 


latent . 


26 


carbonic 


86, 89 


marks . 


20 


chlorous 


80, 82 


Atom fixing and re 


m 


hypochlorous. 


80, 81 


placing 


18 


nitric . . \ 


?8, 


lOi 1 Atomic weight 


3»7 


nitrous . . < 


?8, 


100 


Atoms . . . , 


7 


phosphoric . 




158 


Ball soda 


184 


phosphorous . 




155 


Barilla . . . . 


183 


silicic . 




145 


Baric peroxide 


79 


sulphuric 




131 


Barium . . . . 


196 


sulphurous . ( 


37, 


129 


compounds . 


197 


Animal life . 




69 


discovery 


196 


Anaesthetics . 




19 


occurrence 


196 


Anthracite 




87 


properties 


196 


Antimony 




164 


tests for 


. 203 


butter of 




165 


uses 


. 197 


compounds of 




165 


Bases . . .16, 


17, 36 


preparation . 




164 


definition of . 


16 


properties 




164 


Basicity of acids . 


15 


tests for 




167 


Baryta . . 196, 19 


7, 201 


Antiseptic (foot-note 




175 


Basylous elements . 


2 


Apatite . 




214 


Bay salt . 


. 181 


Apparatus 




39 


Bengal lights . 


166 


list of . 




46 


Bessemer process . 


297 


Aqua regia . 63, IC 


>3, 


250 


Bichromate of potash 28 


1,283 


Arseniuretted hydrogen . 




160 


Binary compounds . 
Binoxide of^ hydrogen 


12 


Arsenic 




159 


78 


compounds of 




160 


Bismuth 


167 


manufacture . 




159 


compounds of 


168 


properties of 




159 


properties 


167 


tests for 




162 


tests for 


169 


Arsenates 




35 


Bittern . . . 


137 


Arsenites 




36 


Black-lead 


86, 87 


Arsine .... 




165 


Black ash 


184 





INDEX. 


339 




PAGB 




PAGE 


Chlorine 


: li 


Combustion, slow . 


69 


oxides of 


Co-efficient of expansion . 


116 


oxy-acids of . 


. 80 


Colcothar 


303 


preparation of 


• 59 


Common names 


14 


properties of . 


• 59 


salt 


181 


Chlorites 


• 34 


salts, formulae of . 


43 


Chlorous elements . 


2 


Composition of ammonia 


115 


Choke-damp . 


. 89 


gases 


112 


Chromates 


• 35 


hydrochloric acid . 


114 


Chrome alum . 


283, 285 


water . 


"4 


iron ore . 


. 281 


Compound radicals . 


27 


yellow . 


. 269 


substances 


I 


Chromium . 


. 278 


Condy's fluid . . 7 


5,293 


compounds of 


. 278 


Constituents . 


4 


discovery of . 


. 278 


Constitutional formulae 


31,33 


occurrence 


. 278 


Converter 


297 


preparation . 


. 278 


Copper . . . . 


240 


properties of . 


. 278 


blue 


341 


tests for . 


. 285 


compounds of 


243 


uses 


. 278 


glance . 


241 


Chromyl 


. 284 


occurrence 


241 


Cinnabar 


. 231, 238 


ore 


241 


Clark's soap test 


. 76 


preparation of 


241 


Classification of e 


le- 


properties 


. 242 


ments . 


. 2, 20, 21 


pyrites . 


. 241 


Clay 


. 148, 259 


tests for . 


■ 249 


ironstone 


. 294 


uses 


■ 243 


Cobalt . 


. 308 


Copperas 


. 301 


compounds 


. 310 


Coprolite 


214 


glance . 


• 309 


Coral 


. 207 


occurrence 


• 309 


Corks . 


• 39 


preparation 


• 309 


Corrosive sublimate 


. 236 


properties 


. 309 


Crith . 


. 120 


pyrites . 


• 309 


Crocus of Mars 


. 303 


speiss . 


• 309 


Cryolite . . 143, 2? 


13r 256 


tests for . 


. 3" 


Crystallization, water of 


. 38 


uses 


. 310 


Cupellation . 


. 191 


Coal 


. . 87 


Dalton's atomic theory 


7 


Coke 


. 86 


Daniel's p)n*ometer . 


. 242 


Coins 


• 193 


Decomposition of water 


. 66 


Combination, atom 


ic . 37 


Definition of chemistry 


I 


molecular 


37, 38 


Densities of gases . 


7, 121 


Combustion . 


. 68 


Derbyshire spar . 2C 


)6, 215 



Dwdoriza, rforcoal a . 87 


FI»««f . 


14J, ao6, 21s 


DesicoiinK ^mts 


41 Flu 


. . 86 






9 


h-.i 


30,&l omtihaiQB. 


d . 31 


v.. .■:. = 


. S8 >mpT»sl 


■ 3' 


I»i:-.j.ic i.i.L- . 


. IS ebptic - 


*9 


nlUof . 


. 3S eniAic- 


■ 3" 


DiftMBofga^ 


. 55 ofmokcria 


- =3 




. .76 «ti™d. 


■ 3» 






... 3D 




. 99 F»ibfcn««l. 


. *«9.a6S 


Dl>kMite 


3I& 21S FoUcT'iortli . 


- ast 


EfloRKcM (Ebot-oote) . lEl^Gden . 


IQO, 261, 166 




■ IS' 




Bementt" ". 




GascuboD 


- . 89 


cUx^fication of z. jo^ 11 


jats 


40 




Iiq«« . 


- . 105 


molecules 


9 


Ga^oDS diffuson 


55 


Embolile 


190 


Gennan silver 


■ 3>J 




■ 64 


Gl>is tubing . 


■ 39 


Empirical fotmiilse 


■ 3' 


Glauber's s»lt . 


. i&i 


|p««<.ia!u . 


ai6, 119 


Gold . . 


- 350 


■ 37 


compounds 


of . asi 




• 37 


daa . 


. aso 


molecnlu 


■ 37 




. 150 


Eqni*a1ence . 


. 18 


prcp31allt.11 


. aso 




INDEX. 



341 



PAGE 



Hausmannite , 

Heavy spar . . 196, 

Hexad . 

Haematite, brown . 294, 

red . . 294, 
Hofmann's standard 
Hydracids 

Hydrates , • I4» 
Hydric peroxide 
Hydrogen 

a metal . 

nascent . 

preparation of 

properties of 
Hydrogenium, 
Hydrosulphyl . . 27, 28, 
Hydroxyl . 27, 28, 29, 

molecule of 

preparation of 

properties of 
Hygrometer . 
Hypochlorites 
Hypophosphites 
Hyphosulphites 
Iceland spar . 
Indigo . 

Influence of temperature 
and pressure on gases . 
lodates .... 
Iodides .... 
Iodine .... 

compounds of 
Iron . 294, 

Bessemer 

cast . . 296, 298 

compounds of . 299 

glance . . . 294 

magnetic oxide of 64, 304 

malleable . 296, 298 

occurrence . . 294 

pig . • . 295 
preparation . . 294 
properties . . 298 



290 

200 

20 

304 

303 
120 

16 

28,36 

78 

53 

57 

75 

53 

55 

57 
29 

78 
78 

79 
80 

96 

81 

36 

35 
210 

58 

116 

34 

34 

139 
141 

299 

297 



Iron — 



34, 



pure 

pyrites . 

stone, black band 



clay 
tests for . 
uses of . 
wrought 

Isomorphous . 

Ivory-black . 

Kelp 

Koh-i-Noor . 

Kupfemickel . 

Lakes 

Lamp-black . 

Latent atomicity 

Laughing gas . 

Lavoisier 

Law of Ampere 



PAGE 

299 

131 
294 



139 



Lead 



Boyle and Mariotte 

• • • 

action of water on 
compounds of 
glance . 
occurrence 



pencils . 

preparation 

properties 

red 

spar 

sugar of. 

tests for 

uses of . 

vitriol . 

white 
Le Blanc's process 
Lime 

milk of . 

slaked . 

water 
Limestone 
Lines of force 
List of apparatus 



294, 302 

. 307 
. 299 

296, 299 

. 228 

88 

177 

89 

312 

86 
26,38 

. 98 
64 
119 
119 
263 
264 
265 
263 
26^ 



25. 



99i 



. 88 

. 263 

. 264 

. 266 

263, 268 

. 269 

. 270 

. 264 

. 267 

. 26S 
20, i82j 183 

. 208 

. 210 

. 209 

. 210 

. 210 

• 19 

. 47 











List of chemicals . 


49 


Metallic oxides 


. i6 


Litmus . 


14 


Metals . 




Loadstone 


■ 305 


Metaphosphates 


■ i 


Lunar caustic . 


■ 19s 


Methylated spirit 


■ 5* 


M, use of, in formalx 


■ 33 


Mica . 


169,252 


Magnesia 


. 217 


Micaceous iron 


■ ^94 


alba . . 


. 219 


Minium . 


. 266 


Magnesian limestone 


316, ziS 


Miorocosmic salt 


35 


Magoesile . 


. 2lg 


Modes of chetnica! 




Magne-iium . . 


. 2l6 


examples of 




compounds of 


. 217 


Molecular combinat 


on 37,38 




. 2ie 


Molecules 


8 




. 2:6 


diatomic 


. 9.^4 


preparation . 


. ai6 


monaloinic 


. i4 


properties . 


. 216 




■ 9.29 


tests for. 






•9.^4 


uses of , 




Monobasic acids 


'5 


Malachite 


241, 246 


salts of . 








Monad . 20, S 


3, 157, 169, 


blende . 




Mordant . 255, 25 


S, 273, 276 


compounds of 


. 287 


Mosaic gold . 


■ 275 




. z86 


Mundic . 


■ 30s 




. 289 


Nascent condition 


. 6 


preparation . 


. 2S6 


hydrogen 


■ 57 


properties 


. 287 


oxygen . 


. 62 


tests for ■ 


. 293 


Natron . 


. 183 


^H 



INDEX. 



Nitrites . 
Nitrobenzol . 
Nitrogen 

compounds of 

preparation 

properties 
Nitroglycerine 
Nitrous gas 
Nomenclature 

binary compounds 
Non-metalfic bodies 
Normal pressure 

salts 

temperature 
Notation 
Oil of vitriol . 
Old names 
Opal 
Orpiment 
Oxalates 
Oxidation, slow 
Oxides . 
Oxides of chlorine 

nitrogen 
Oxide, carbonic 

nitric . 98, 

nitrous . 
Oxy-acids 

of chlorine 
Oxidizing agents 
Oxygen, discovery of 

nascent . 

preparation 

properties 

test for . 
Oxygenated water 
Oxyhydrogen blowpipe 
Oxy-salts 
Ozone . 

preparation 

properties 

test 
Palladium alloy 



PAGE 

34 
104 

94 
104 

94 

95 
104 

lOI 

10 

12 

2 

119 

iS 
117 

29 

135 

13 

144 

161 

35 
69 
36 
81 

97 
89 

99. 133 
98 

16 

8i, 97 
71, 80 

64 
62 

64 
68 

69 

78 
56 

17 
70 

70 

70 

71 

57 



Pattinson's process 
Pearlash 
Pentad . 
Pepys' gasholder 
Perchlorates . 
Perissads 
Permanent white 
Peroxide, chloric 

baric 

nitric . loi 

Pewter . 
Phosphates ^ 
Phosphine 
Phosphites 
Phosphorite . 
Phosphoretted hydrogen 
Phosphorus . 

allotropic 

compounds 

preparation 

properties 
Photography . 
Plaster of Paris 
Platinum 

black 

compounds 

discovery of 

occurrence 

preparation 

properties 

spongy . 

tests for 
Plumbago 
Pneumatic trough 
Positive elements 
Potash . 

caustic . 
Potashes 
Potassium 

compounds of 171 

discovery of 

occurrence 

preparation 



343 

PAGB 
191, 219 
172 
20, 149 
. 44 

35,84 
21, 20 

201 



80 
198 

132 

265 

38 

36 
214 
162 
149 

151 

152 
149 

ISO 

»94 
212 

260 

262 

262 

260 

260 

260 

261 

261 

41 
2 

171 

171 

172 

169 

—178 

169 

169 

170 





INDEX. 


345 




PAGE 




PAGB 


Soluble glass . 


. 188 


Superphosphate of lime 150, 214 


Solubility of salts . 


• 45 


Syllabus of Science and 


Solution 


• 44 


Art Department 


• 334 


mechanical 


• 44 


Symbols 


9 


chemical 


. 44 


Sympathetic ink 


. 3^0 


saturated 


. 44 


Synthesis 


. 62 


Solvent . 


. 44 


Systematic names 


12 


Sombrera guano 


. 149 


Table of elements 


. 3, 21 


Sombrerite 


. 214 


weights and measures 333 


Soot 


. 86 


degrees of hardness 


Spathic iron ore 289, 


294, 302 


of water 


77 


Specular iron ore . 


. 294 


Talc 


216, 222 


Specific gravity 


6 


Tetrad . 


. 20, 86, 144 


Speiss . 


. 312 


Tetrabasic acids 


: 15 


Spelter . 


. 223 


salts of . 


. . 36 


Spirit of salt . 


. 63 


Temperature . 


. 116 


Spirit of hartshorn . 


. 106 


Th^nardite . 


. 182 


Stalactite 


. 210 


Thermometer . 


. 118 


Steatite . 


. 216 


Thick type 


. 31 


Steel 


• 297 


Tincal . 


84, 187 


Stibnite . 


. 164 


Tin 


. 270 


Strontianite . 


204, 295 


butter of 


. 276 


Strontium 


. 203 


compounds of 


. 273 


compounds of 


. 204 


foil 


. 272 


discovery of . 


. 203 


occurrence 


. 270 


occurrence 


. 203 


oxalic of 


. 276 


preparation . 


. 204 


plate 


. 272 


properties 


. 204 


preparation 


. 271 


tests for . 


. 206 


properties 


. 271 


uses of . 


. 204 


solutions 


. 276 


Suitability of water 


for 


spirits . 


. 276 


domestic purposes 


. 75 


stone 


. 270 


Sulphates 


• 35 


stream . 


270 


Sulphides 


. 35 


tests for . 


• 277 


Sulphites 


. 35 


uses of . 


272 


Sulpho-acids . 


. 16 


Triad . 


20, 84 


Sulpho-salts . 


17 


Tribasic acids 


♦ 15 


Sulphur . 


. 123 


salts of . 


• 35 


compounds of 


. 125 


Trona . 


. 183 


properties of . 


. 124 


Tungstate of soda . 


. 189 


Sulphuretted hydrogen 


. 125 


TumbuU's blue 


. 307 


properties of . 


. 126 


Turpeth mineral 


. 239 


hydrogen, uses 


127 


Type-metal . 


. 264 



Unbe . 


. 41 




■ 73 


V«lue in chemiol exchuige 19 
Vermilion . 233. »S. 266 


river . . 
saline . 


• 7S 

■ 74 


Viul «r 


■ 64 


sea 


. K 


Vitriol, oil of. 


■ 135 


solubility of gases in 73 


blue 


■ »45 


spring . . 


■ 74 


green . 


4 30' 




74. «S 


while . 


- »77 


synthesis of . 


- 7a 


yBle«i«dWbing 


: £ 

■ 71 


Weifiht . . . 


. 6 


Wad 
WWer . 


White precipitate . 
Williamson's standaid 


. 236 
■ 123 






Witberiie . 


196, ao3 


decompositioD 


"^f"" M 


Woulff's bottles . 


■ 43 


calcareous 


74 


Zinc . . . 




chalybeate 


74 


blende . . 


223, 326 


compo^tion 


. 71 


butler of 


. 326 


effen-escent 


74 




. 223 


for domestic p 
hitdnessuid 


urooses 75 
ioftness 75, 


molecule of . 






preparation ■ 


. 223 


Harrogate 


.' 125 


properties . 


: 'A 


London . 


■ 75 






. 74 


uses of . '. 


. 224 


of ci>-stalliiali 


™ . 38 


white . . 


. 225 


organic inipur 


tyin 75 


Zincoxyl . . 


7, 28, 29 




GEO. JARMAIN'S 
PRICE LIST OF CHEMICALS, 

PURE AND COMMERCIAL, 

SPECIALLY SELECTED FOR LABORATORY USE, SCIENCE CLASSES, 

AND PRIVATE STUDY. 

80, NORTHGATE, HU D DK R S F IE L D. 



•Wh«««M«tf^iktf•«^fM^/^/^^ 



wm0*0^f*0^^^ 



Some of the Articles are subject to FluctucUions in Price, 



Per Per 
Oz. Lb. 
s. d. s. d. 
o z X o 



Acid, Acetic (Beaufoy's) . . 

„ Glacial at 3a** ..02 a 

Carbolic 06 o 

„ com., per gal. 006 

Citric 04 3 

Hydrochloric 00 o 

„ ^ pure 01 o 

Hydrofluoric 02 i 

Hydrofluosilicic o a a 

Hydrosulphuric (Sul-'^ 
phuretted Hydro- r o i 
gen Solution) ....j 

Nitric 00 

,, pure, sp. gr. 1*42 o z 

.»» . >• »>. I'So o 3 

Picric (Carbazotic) 06 

Pyrogailic 40 

Sulphuric 00 

„ pure o z 

„ Nordhausen o 2 

Sulphurous 02 

Tannic z o 

Tartaric (Howard's) ..03 

Alum 00 

Purified o X 

Chrome o a 

Iron, Ammonia ........ o a 

Aluminium, Sulphate, purified o o 

Ammonium, Carbonate o z 

,, Chloride o i 

„ pure ..02 

Hydrosulph 02 

Molybdate .... 36 

Nitrate o 2 

Oxalate ........ 04 

Sulphocyanide ..04 
Ammonia, liquid, sp. gr. '880 o i 

Antimony, Metal 02 

„ Sulphide, Powder o z 

Asbestos 03 

Barium, Chloride o z 

„ pure 02 

Carbonate o a 

Nitrate o 2 

Oxide o 6 



it 
>» 
>> 
»» 

it 
>i 
n 
• • 

it 



a 

a 



It 
i* 
II 
II 
II 
II 



c 6 



II 
II 
II 



o 

z 

2 

5 
o 

o 

z 
z 
z 
o 

2 

o 
o 

z 
z 
z 
z 
o 
z 
z 
o 

2 

4 
4 

z 
z 
o 

3 

z 

z 

2 

I 



4 
o 
6 
o 
o 

2 

o 
6 
o 
o 
6 

3 
8 
6 
6 
6 
o 
8 

4 

4 

o 

o 

o 

o 

o 

6 

8 

o 

o 

6 

o 

6 



00 04 
00 03 
o a z 6 



00 04 



Per 
Oz. 

s. d. 

Barium, Peroxide z o 

,, Sulphate 03 

Bismuth, Tnsnitrate 30 

Borax o x 

Bromine. z 6 

Cadmium, Iodide 30 

Calcium, Carbonate, White") 

„ Nearly white do. 

^y Chloride, fused ) 

„ Chloro-hypochlorite ■> 
,, Bleaching Powder j 

Carbon, Disulphide o z 

Charcoal, Animal . . .^ 00 

,, ,, grain .... 00 

„ Wood, for blowpipe o o 

Chlorine, Solution o z 

Chromium, Oxide, Green. ...06 

„ Sulphate z o 

Cobalt, Nitrate 90 

„ {, Solution.. ..06 

„ Oxide 30 

Copper, Carbonate 06 

Chloride 04 

Nitrate o 

Oxide, Black o 

„ Red o 

Sulphate o 

,,^ pure o 

Turnings o 

Fluor Spar o 

Glycerine o 

Indigo, Sulphate, Solution . . o 

Iodine z 

„ Resublimed 30 

Iron, Alum 03 

Ammonio-sulphate .... 03 

Borings 00 

Perchloride 03 

Sesquioxide o z 

Sulphate (Copperas) ..00 

„ ^ pure <i ci 

„ ^\3\^\^t 

l^riaA, KcA-rXi 



Per 
Lb. 
s. d. 
o o 
3 o 
o o 
z o 
o o 
o o 



II 
II 
II 
II 
i» 
II 
I* 



3 

3 

4 
o 

3 

z 

o 

3 

z 

4 



\ 



II 
» 
II 
>f 
II 
i>. 



3 
6 



z 
o 
o 

o 3 
z o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 

3 6 

3 

4 
o 

z 

X 

o 
o 

z 
o 
o 

z 
z 



6 
o 

5 
6 



4 

4 
o 

o 

o 

o 

6 

o 

o 3 

2 6 
z o 

O 2 
^^ 




•■^'^s^v-- L:&a»^ 



